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INTRODUCTION 


T he science of living things possesses for us a significance 
and importance unequalled perhaps by any other 
branch of scientific inquiry. For it is the story of life 
itself, a subject of such breadth and depth and rich variety 
that it is concerned with everything that has being, from 
minute, invisible organisms to the complex miracle of the 
human body. 

Although this book is written on a definite plan, beginning 
with the. most simple forms of life, and passing on to the 
most complex, it is by no means essential to start at the 
beginning and work straight through the subjects to the end. 
The reader to whom this method does not appeal is advised 
to select the subject that has the greatest interest for him, 
and to make that his starting-point. 

The book is divided into three main parts. The first main 
section, Botany, discusses the structure of plants, the families 
into which they are divided, and their history from the dim 
ages of the pre-historic world. 

In the second division — ^Zoology — animal life is dealt with 
on the same lines. Here again the study begins with the 
most primitive types of creature (in The Humblest Citizens 
of the Animal Kingdom) and gradually reaches the more 
complex. The marvels of beauty, size and strength which 
have their place in the article on Birds^ Beasts and Fish are 
rivalled by the truly astonishing feats of organisation among 
the ant and other insect communities that are revealed in 
The Social Life of Animals. Finally, the ancestry is traced 
of somte of the animals we know to-day, and we meet the 
monsters of that pre-historic world of which science has built 
up for us so vivid a picture. 

With the third section we jeach the supreme achievement 
of creation — Man — and here the delicate and skilful adjust- 
ments of the mechanism of the human body are explained, 
Anatomy tellmg us how our bodies are buUt, and Physiology 
showing how Aey work. 
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HOW SCIENTISTS HAVE LEARNED 
ABOUT THE LIVING WORLD 


W B read in the first book of Moses called Genesis: 
“And out of the ground the Lord God formed every 
beast of the field, and every fowl of the air ; and 
brought them unto Adam to see what he would call them : 
and whatsoever Adam called every* living creature, that was 
the name thereof. And Adam gave names to all cattle, and 
to the fowl of the air, and to every beast of the field. . . 
This may no longer suffice as a literal account of what hap- 
pened, but it is certainly a simple and direct expression of 
man’s need to make order of the world around him. This 
need to make order is real and deep-seated in every human 
being. It may weU be that the order made by a particular 
person is neither far-reaching nor satisfactory to any person 
but himself, but order we must have. The psychologists 
speak of rationalisation and mean much the same thing as 
making order. The reasons we give for our actions may not 
be, and often are not, those which really moved us, but the 
need to feel that we are consistent to ourselves, even if we 
appear wildly inconsistent to other people, is something 
everybody can recognise. 

ILL-POUNDID ASSUMrriONS 

T he kinds of order which men make of the world of living 
organisms depend very much on the view which they take 
of their own place in it. Man is still disposed to regard himself 
as the lord of creation and the most important animal in the 
world. If his vie^ of himself be conditioned by the account 
of the creation of the world set out in the early chapters of 
the book of Genesis, it is not surprising that he should take 
such a view. In any case, our knowledge of what it is to be 
alive must, in the lit resort, be derived from the knowledge 
of ourselves as living things. 

In the ordinary ifairs of everyday life, we make a large 
number of assumptions concerning other living organisms 
^which are curiously ill-foimded if we stop to consider them. 
For instance, we assume that it is cruebto put a live lobster 
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5 THE LIVING WORLD 

into boiling water« but never bother about treating a live 
cabbage in the same way. Even if we can salve our consciences 
about the lobster, we shall be pretty certain that to put a 
living cat or dog into boiling water is cruel and, indeed, 
pimishable by law. What reasons have we ? Well, of course 
most of us. have no reasons : we just feel that it must be so. 
Nevertheless, the process of thought must be something like 
this : “ How it would hurt me to be put in boiling water ; 
what a terrible noise I should make about it ; how I should 
writhe and scream ; a scalded cat makes a terrible noise 
indicating extreme pain and discomfort ; the lobster makes 
less, therefore he feels it less ; the cabbage makes none, 
therefore it feeb nothing at all.” The conclusions may be 
entirely correct, but the only way to be siire what the cabbage 
feels about it, is to be a cabbage. Ridiculous as this may 
sound, it contains a principle which no honest inquirer into 
the affairs of living organisms must ever forget. 

MISTAKES THAT MOVE MEN TO INQUIRY 

I T is impossible to get adequate understanding of the present 
state of our knowledge and views about the living world 
without consideration of the history of the natural sciences. 
We may be disposed to laugh In a good-humoured, con- 
descending way at the biological notions of our predecessors ; 
at the quest of the alchemists for the Philosopher’s Stone 
which would transmute base metals into gold ; at the beliefs 
that the sun goes round the earth or that madness was due to 
possession by devils. We should remember, however, that 
they are all part of a continuous process and fitted into the 
general scheme of the times, when they held sway in men’s 
minds, as well as our notions fit our scheme. The fact that 
our notions never do quite , fit is one of the most powerful 
influences which move men to continue the inquiry. 

Moreover, the belief im an underl3dng order which awaits 
our discovery is so strong as to make men suspect that any 
scheme which contains apparent discrepancies must be 
wrong and to lead them to investigate the discrepancies in 
the hope of resolving them. Such investigations have played 
a great part in the establishment of present ideas of the atom 
and the nebulas. Men say : ” like begets like,” and proceed 
happily in the belief until someone of an inquiring turn of 
mind points to an animal or plant which does not always 
conform. The nonconformist is then examined in the hope of . 
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discovering how such an exceptidh to such a well-established 
rule can possible. Much of our knowledge of the facts of 
inheritance has been gained by attention to such matters. 

It is not in the least easy to put ourselves in the mental 
places of our ancestors. It is so difficult that we are very apt 
to think of the science of our own time as altogether unpre- 
cedented and, indeed, unexcelled. This is true enough in 
a measure, but we must not allow ourselves to forget that 
many of the fundamental ideas of to-day are the same as 
they were two thousand years ago. We cannot now escape 
from the conclusion that this ea^ is populated by an enor- 
mous number of different kinds of living organisms. 

It has, for a long time, been customary to speak of a species 
of plant or animal. Many attempts have been made to define 
this term and some of the attempts will be considered else- 
where in this course. At this point we need do no more than 
realise that the fundamentals of the notion have been common 
property among human beings for a very long time indeed. 
Most of us can recognise a number of different kinds of 
living organisms without setting ourselves up as scientists. 
It is when the number of kinds becomes very great that the 
specialist comes in. Even then the difficulty of sj^tting 
differences is not enormous. When we wish to incorporate 
our knowledge of resemblances as well, the task becomes 
very great. To make a system which will express our know- 
ledge of the relation of one kind to another, whether by blood 
or otherwise, is something which yet remains to be done to 
the satisfaction of even the majority of naturalists. 

WHAT IS LIFE? 

W E do not yet know how to draw up a satisfactory defi- 
nition of what we mean by life, but the inability to make 
a definition of a horse — that is to say, a form of words which 
will describe a horse and no other animal — does not mean 
the inability to recognise a horse when we see one. This is 
a point which is very often overlooked, so it is worth mention- 
ing. We do know a great many things about living organisms 
which are not true of non-living material. We know that 
living material can become dead, and when it has done that, 
nothing can restore it to life again. We know that the living 
protoplasm of all organisms is a watery substance ; so watery 
that it contains 98% of water — ^more than mi^k contains. 
We know that every substance in protoplasm is found in 
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some form in non-living material ; but that living organisms 
are able, from non-living materials, to make substances such 
as sugars and proteins which we are not able to make arti- 
ficially, in laboratories or elsewhere. 

It is far from easy to see how any satisfactory verbal defi- 
nition of life can ever be framed, since the more we know 
about such a complex dynamic condition, the less easy it 
is to make any form of words sufficiently inclusive. It is not 
impossible to imagine that the process will, some time, be 
expressed in a maffiematical equation, but such a form would 
appeal, in all probability, to a limited audience. For nearly 
all biological purposes, and for all ordinary practical ones, 
we can get on perfectly well without a definition of life ; it 
suffices if we are agreed that such and such things are living. 

BIOLOGY’S DEBT TO THE PAST 

T o fix on any point in the history of human knowledge 
and say diat it is the banning of any thing is, consider^ 
broadly, an entirely impossible and futile task. Everything 
that we know stan^ on a set of antecedent activities, and u 
we take any point as a beginning it is only because, if we 
are to begin at ail, we must begin somewhere. It has become 
a pretty well-recognised convention in any historical review 
of biology to begin with due acknowledgments to Aristotle 
and to trace his influence until the period during the Dark 
Ages, when Aristotle was considered as the final and absolute 
authority for any statement. At this time it was held that 
what he did not know was not knowledge and anything 
which could not be proved from his writings needed not to 
be considered. This is the ilsual picture of science in Europe 
imtil the wind of the Renascence, that over-sentimentalised, 
over-rated Revival of Lreaming, began suddenly to blow 
towards the end of the fifteenth century. 

If we wish to take the figure of a man who set to work to 
study living things in what we should now call a scientific 
way, we cannot take a better than Leonardo da Vinci (1452- 
1519). No attempt is here made to do justice to that most 
astonishing, many-eided genius. He was certainly, as the 
common phrase runs, in advance of his time. If he had 
dared to publish the results of his investigations in the ana- 
tomy and physiology of our own and other species, he would 
very likely have got into serious trouble with the authorities. 



THE GREEN PLANT: 

FOOD FOR ALL THINGS LIVING 


T he green plant, owing its colour to the possession of 
the mixture of pigments known as chlorophyll, is the 
primary source of food material for almost all the 
living creatures that inhabit the earth. With the exception 
of a few kinds of bacteria, green plants are the only organisms 
which call build up food from simple substances collected 
from the soil and from the air. These simple substances are 
not food ; they are die raw materials from which the plant 
builds up food for its own needs. The green plant is eaten 
by many animals, which in their turn provide food for the 
carnivorous animals ; moreover, alive or dead, the green 
plant nourishes hosts of plants which have no chlorophyll 
and therefore cannot make the food substances necessary tor 
their sustenance. 

As the activities of the green plant are so essential to the 
persistence of life on the earth, a study of them cannot 
fail to reveal many points of interest. The structure of the 
plant must also be considered, since a knovdedge of the 
structure helps to an understanding of the manner in which 
the plant works; structure and Action are closely inter- 
related. 

NVe THOUSAND TO THS INCH 

W E are acquainted with many thousands of kinds of green 
plants. Some of these are minute, so small that if five diou- 
sand were placed in a straight line, that line would measure 
only one inch ; at the other extreme some of the largest trees 
rivd St. Paul’s Cathedral in height, and weigh many tons. 
Green plants are equally diverse in the situations that they 
inhabit. Some seaweeds flourish in the Polar seas at a tem- 
perature little above freezing-point, and some of our common 
garden weeds are able to grow slowly and produce a few 
flowers at almost equally low temperatures. In contrast to 
these, some simply organised green plants have been observed 
in a flourishing condition in water much too hot for the hand, 
and sdme of the d^rt plants must pass long hours at 
comparatively high temperatures. A few plants exist on the 
surface of rocks under conditions of almost uninterrupted 

9 



10 


THB GREEN PLANT 


drought, others spend their whole lives immersed in water. 
No green plants can live their whole lives in perpetual dark- 
ness, though for some ferns the amount of light necessary is 
small. However, our present concern is rather with the more 
ordinary plants. Of &ese we may briefly consider three, in 
order, to establish a few general points. 

THE LIFE OP AN ORDINARY PLANT 

S eeds of Virginia stock, planted in moist soil in spring, and 
provided with a moderate supply of water, soon, germinate. 
First we have the seedling, with a delicate upright axis bearing 
two small leaves of simple outline, with a bud between them. 
From this bud an upright stem arises, producing leaves^ and 
presently, branches which are very like the parent stem. 
After the plant has spent a few weeks in the development of 
leaves and branches, flowem begin to form at the ends of the 
branches. In due course the flowers wither and are replaced 
by fruits, the vessels in which the seeds ripen. As this is 
going on the plant slowly dies. The fruits split, the seeds are 
set free, and ^e next generation is ready to begin its develop- 
ment. Thus, the Virginia stock has a short l£fe and matures 
one crop of seeds ; these remain quiescent during the colder 
part of the year, and provide the starting points for the next 
season’s growth. 

The Snapdragon furnishes our second example. Up to 
the ripening and liberation of the seeds, development pro- 
ceeds much as in the Virginia stock, except that the parent 
plant does not die as the seeds ripen. In the following spring, 
new branches arise from the bases of the old branches and 
bear flowers in their turn. Under favourable conditions the 
plant may live for several seasons and produce several crops 
of flowers and seeds. 


HOW A TREE GROWS 

T he seeds of the Sycamore, enclosed in their winged 
fruits, fall from the tree in autumn and lie dormant all 
winter. In spring, the seeds germinate, giving young plants 
with a delicate upright axis and two strap-shaped leaves with 
a bud between them. A leafy stem grows from the bud and 
may reach a length of several inches during the first season of 
mowth. It seldom branches in the first year and never flowefs. 
In autunm, growth stops, the leaves drop, and the stem passed 
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THE SNAPDRAGON: A PLANT WHICH 
SURVIVES PARENTHOOD 
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the winter crowned by a large terminal bud, and with a number 
of smaller lateral buds projecting just above the scars left by 
the fallen leaves. In the second spring, the terminal bud 
becomes active and yields a few more inches of stem ahd 
several pairs of leaves. 

' As this is going on, the portion of stem formed in the first 

i rear increases slightly in thickness but does not increase in 
ength ; its lateral buds remain inactive. In the second 
autumn, the leaves fall, and the stem, now consisting of two 
portions formed in successive years, again rests for the winter. 
In the third and subsequent years die story is repeated. Each 
season the older parts of the stem become more woody and 
increase steadily in thickness, but they do not elongate. The 
elongation of At plant is due to the addition of a portion 
during each season of growth. It is worth notice that as the 

C lant increases in size, the annual increments for some years 
ecome longer and longer. 

WHEN A TREE REACHES MATURITY 

F or the first two or three years the stem may not branch, 
but with increasing age, branches begin to appear from the 
buds along the side of the stem. They elongate, thicken and 
branch in the same way as the main stem, but they do not 
become as strong as it. The lowermost branches die off as 
others develop above them so that the lower parts of the 
main stem and of its branches again become bare. In the 
young plant, for twenty years or more, the main stem remains 
clearly visible as the central axis around which the shoot 
system of the plant is arranged. As the Sycamore becomes a 
small tree, it begins to flower. Henceforth, each year, the 
branches increase in length, fresh branches are put out, a 
new covering of leaves is developed, and flowers, fruits and 
seeds are produced. Each year also, the older parts of the^ 
shoot system become thicker and thicker. 

As the tree ages, the main stem loses its obvious superiority 
over the larger branches and the marked elongation character- 
istic of youth no longer occurs, since the material available 
for grow^ in length is shared among a large number of twigs. 
After many years, signs of debility appear, decay sets in, and 
the tree w^ens and slowly dies. The causes of this degenera- 
tion are not fully understood, but it seerhs probable th^it 
^sease caused by the attacks of enemies, together with chang^ 
in the living part of the plant, are largely responsible. 
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A TREE TRUNK IN SECTION 

The trunk of a tree consists mainly of dead wood and pith^ 
with only a thin sheath of livir^ cmd growing tissue in which 
the sap circulates. The Lentkels are openings in the bark 
through which air reaches the living cells wiMn and carbon 
dioxide escapes. 

WHAT IS INSIDB THB TREE 

A ll trees contain a massive central core of dead wood, 
running through roots, trunk and branches, and reaching 
into the bases of the youngest twigs and youngest roots ; these* 
and the leaves and flowers, consist for the most part of living 
cells. The dead core is surrounded by a thin sheath of livmg 
material, complicated in structure and function, and covered 
on its outer surface by a layer of dead cork. This forms the 
bark of the tree, protecting the delicate living sheath from 
drying up, from mechanical injury and from enemies. The 
bark is pierced by many openings loosely packed ^th corky 
cells ; these openings — the lenticels — convey air to the living 
cells within and allow carbon dioxide to escape from them. 
Lenticels are usually most obvious on the thinner branches : 
they are clearly visible as small dots on young branches of 
apple trees, and as horizontal streaks on branches of cherry : 
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large elongated lenticek are often conspicuous on birch 
trees. • 

Both wood and cork are formed by the alteration of cells 
of the living sheaths just under the bark, and, as long as the 
tree continues to grow, additions are made to both wood and 
cork. The wood, lying within the sheath of living cells from 
which it is formed, accumulates steadily during the whole 
life of the plant, and since its development corresponds with 
the annual periods of active growth, the wood is laid down in 
a series of concentric cylinders. Thus, a trunk cut across 
shows a series of rings, known as annual rings, since, normally, 
one ring indicates the amount of wood formed in one year ; 
by counting these the age of the tree may be determined. 

HOW THE TREE MAKES USE OF ITS DEAD PARTS 

W E thus reach the surprising conclusion that most of the 
substance of a large tree is dead. The dead material is 
by no means useless. The woody central core has great 
mechanical strength, and forms a scaffolding on which the 
annual crop of leaves, flowers and fruit is exposed to light 
and air. The youngest parts of the core lie on its outer surface, 
where some living cells aie mixed with the groups of tiny 
pipes through which watery solutions move about the plant. 

The mass of wood increases as the weight of leaves and 
branches increases, and, with the steady increase in the 
diameter of the woody core, more and more space is provided 
on its outer surface for the increasing number of conducting 
channels needed for the supply of water and other substances 
to the leaves, and for the distribution of the food made in the 
leaves. Most of the material moves up and down in the plant, 
but there is some movement sideways, especially in the wood. 
This takes place chiefly in the medullary rays, thin sheets of 
elements set vertically in the wood and running radially in it 
and out into the living cells beyond it. In oak, the medullary 
rays are particularly large and cause the well-known silver 
grain of the timber, but in many trees they are small and 
difficult to see without magnification. 

So lon^ as the wood is surrounded by an unbroken sheath 
of living material, it is protected to some extent from invasion 
by the bacteria and moulds which cause rotting, but this pro- 
tection seldom remains fully effective for long. Wind tears 
off branches and exposes portions of the dead and vulnerabie 
wood, animals injure the bark and damage the living sheath 
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below, and this sheath is itself attacked by a number of 
creatures, which then attack the wood or open a way for 
others to do so. 

Although the living cells of the stem add to the inner 
surface of the bark during the growing season, the bark does 
not increase in thickness as noticeably as does the wood. 
Additions are not made to the bark as freely as they are to 
the wood, and moreover, portions are frequently lost from the 
outer surface of the bark by a definite process of shedding. 
The process is very familiar in the plane tree, since the young 
bark exposed as the older material falb away is bright yellow 
and is very noticeable. The bark of the cork oak, which fur- 
nishes the commercial product, b exceptional in its thickness 
and uniformity of texture. 

WHAT MAKES THE PLANT STAND UP 

Y oung stems do not contain a solid core of wood. Most 
of their stiffness is due to a characteristic device which 
is responsible for the firmness of all young parts of plants. 
It is common knowledge that the hardness of a pneumatic 
tyre depends on the balance between the tendency of the 
inflated tube to expand and the restraint imposed by the 
outer cover. In young parts of plants we find a similar but 
more complicated arrangement. The plant is covered by a 
thin and relatively strong skin which is not very elastic and 
resists stretching. Inside this there is a mass of soft material 
composed of many cells pressing against one another and 
against the outer skin, since they are dbtended with water. 
The balance between the outward pressure set up by these 
cells and the resistance to stretching offered by the epidermis 
(that is the outer skin of the plant) gives rigidity to the whole 
system. 

It is easy to demonstrate that there are strains in young 
plant material. For example, if the cylindrical flowering 
stem of the dandelion is slit into several strips, each strip 
curls with the skin on the inner and shorter side of the curl. 
So long as the stem b intact, the skin is stretched and the soft 
celb within are held under restraint. Cutting releases the 
tensions, the skin is now free to contract and the soft cells 
to expand, and curling necessarily follows. 

The young and soft stems of most land plants contain some 
strands of particularly strong material ; these assist in stiffen- 
ing the stem and they have an important r 61 e in preventing 
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•udden and localised bending. In general, these strands, 
which run lengthwise, lie dose inside the skin, giving a con* 
dition comparable with the arrangement of mat^:^ in a hollow 
metal column. This is just the arrangement which offers the 
most effective resistance to buckling ; in the hollow stems of 
grasses and manv other plants, the effidency of the arrange* 
ment is increased by the partitions which cross the stem here 
and there. In some plants the centre of the stem is occupied 
by a pith which, from a mechanical point of view, acts in 
relation to bending and buckling in the same way that a 
filling of sand acts in a thin metal tube that is being made into 
a coil. 

The strands of strong material close to the outside of the 
stem are very apparent in the long flowering stems of the 
grasses, which are wonderful examples of mechanical efii- 
dency, for the contrast between diameter and length is 
remarbible. In other stems, such as the square stems of 
mint, there is a strand of strong material in each comer ; 
the whole stem may be compared with an erect X-girder 
which resists excessive bending very well. When it is remem- 
bered that one of the main purposes of an erect stem is to hold 
the flowers and leaves in a good light, the importance of 
structural devices which check overthrow is at once apparent. 

The materials which contribute to the mechanical efficiency 
of the stem are often of great strength. Linen is made from 
the strands of the stems of flax, and cordage from similar 
material from hemp. Some vegetable strands have a breaking 
strain which is one quarter that of a steel wire of equal dia- 
meter. They stretch freely, but their breaking-point lies 
close to the extreme point to which they can be stretched. 
Consequently there is little chance that the plant will be 
permanently stretched sufficiently to cause deformation ; 
fliis would be more injurious than breaking, for it would ruin 
the adjustment of the internal arrangements of the stem, 
cause ffie death of some of tl^ parts, and provide a starting- 
point for disease. 

Owing to their elasticity, the young parts of plants move 
freely in the wind, and, unless the wind is strong enough to 
catise a t^eak, the plant recovers its form when the wind 
ceases to bend it. The .mechanical strands often lie in the 
stem close to the delicate strands of minute tubes which are 
responsible for the transport of liquids about the plant, and 
thqr protect them against sudden buckling and injury. 
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n-OWBRS COLOURID BY THI WATBR THIY DMNK 

path followed by water moving in the plant is readily 
X determined. If young leafy stems are cut and placed with 
the cut ends in water coloured with red ink, reddened veins 
may be seen in the leaves after an hour or so, if these are 
held up to the light. The effect is even more obvious if white 
flowers are present, and the experiment succeeds very well 
with flowering stems of the white dead nettle. Sometimes, 
white flowers treated in this way are offered for sale. If the 
stem is slit lengthwise, narrow red threads are seen, some- 
times uniting, and sometimes passing into the leaf stalks, and 
BO making connection with the veins in the leaves. Detailed 
investigation shows that the dye travels only in the small 
amoimt of wood present in the conducting strands ; it does 
not travel in the general mass of soft material composing 
most of the stem. 

If a woody branch is cut and stood in diluted red ink, it 
is found that the dye travels only in the outermost surface 
of the wood, showii^ that it is only the youngest wood that 
is able to conduct watery solutions. Trees are sometimes 
killed by making a complete and deep horizontal cut all 
round the base of the trunk. Such a cut relnoves the young, 
wood and so prevents the upward flow of water from the 
roots, thus speedily causing death to all living parts above it. 

It is much less easy to trace the paths along which other 
substances move in the plant. There is, however, little doubt 
that some of the food substances manufactured by the plant 
travel in the yoimg wood, and that others are conveyed in 
special thin-walled tubes. The tubes are independent of and 
lie outside the woody strands, but, like them, form a con- 
tinuous system throughout the body of the plant. Where the 
stem is thick and woody these sieve tubes, so called becau^ 
the microscope shows that they are crossed at intervals by 
small perforated plates, lie in the sheath of living materiat 
just inside the bark. 

It appears then that the stems of plants have two important 
functions. They support the leaves and flowers, and they 
provide means for the transport of substances inside the 
plant. They form a link between the roots which collect 
water and mineral substances {r<mi the soil, and the leaves 
which take in carbon dioxide from the air, and, after food haa 
been made in the leaves, they provide for its conveyance to> 
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diose parts of the plant where active growth is in progress, 
and where, very often, little or no food is being made. 

ROOT, LEAF AND CELL: THE ANCHOR, 
FOODMAKER, AND ESSENCE OF LIFE 

U p to this point we have considered only those parts of 
the plant diat are exposed to light and air. Plants usually 
possess below ground a branching system of roots which 
anchor the plant to the soil and collect material from it. If 
young plants are carefully dug up and washed free from 
soil, they show commonly, but not always, a root system 
composed of a main root which is a direct downward pro- 
longation of the main stem, surrounded by a number of 
branch roots. The branches are v^ry like the main root in 
everything but size, and, if they in turn divide, their branches 
are smaller versions of the parent. The root system is much 
less complex than the parts of the plant above soil level, and 
there is a much greater likeness between the roots of one 
plant and those of another than between the shoot systems 
of different plants. 

Although the young root systems of many kinds of plants 
are clearly arran^d around a main root, the arrangement may 
not remain clearly visible in the adult plant, especially if it 
lives for a number of years. In trees particularly, as the 
crown spreads, the roots keep pace with it, so that the tips 
of the youngest branches of the root system lie in the earth 
beneath the outermost ends of the leafy branches, where 
most rain drains off from the tree ; these active tips may be 
many feet away from the trunk of an old tree. Now, the 
downward growth of the main root is often checked by me- 
chanical obstacles, and also by the further circumstance that, 
as deeper and deeper levels are reached in the soil, the supplies 
o( oxygen essential to the young root become more and 
more scanty, and finally cease to be sufficient ; this brings 
downward growth to an end. Root systems can usually 
spread sideways better than they can go downwards, and 
therefore, in old trees, the main root is usually smaller than 
some of its branches. 

Roots branch freely and occupy the ground very thoroughly ; 
for example, the roots of an average plant of the large a^un- 
flower search closely rather more than a cubic yard of SQil. 
In deep, dry soils, which are usually well supplied with air, 



ROOT, LEAF AND CELL I9 

roots may penetrate to a depth of ten feet or more, and under 
special conditions, the root system of a plant mdy be larger 
than the shoot system. Some of our coastal plants, growing 
in loose sand, show a few small stems and leaves, but their 
roots run several feet in all directions. 

In limy soils most plants root freely, but in acid, peaty 
soils root development is often poor, and the plants may 
have at their disposal some other device which compensates 
for the disadvantages arising from small roots. Some, like 
the sundew and the butterwort, supplement the scanty ration 
of combined nitrogen they obtain from the soil, by catching 
and digesting insects ; others, such as heather, appear to live 
in association with a fungus, which may provide them with 
materia] taken from the peat. 

In general structure stems and roots are much alike. Young 
roots, like young stems, contain a number of conducting 
strands embedded in a mass of soft cells ; as the root ages, 
the centre is occupied by a solid core of dead wood surrounded 
by a thin sheath of living cells, protected by an outer layer of 
cork. Roots have to meet pulls rather than bends, and in 
young roots we find that the strongest material is nearer to 
the centre of the organ than it is in young stems ; the central 
disposition of the strongest material is the arrangement which 
offers the most resistance to pulb. 

TUBERS AND BULBS AS UNDERGROUND LARDERS 

A ll subterranean parts of plants are not roots. Manv 
plants have their main stem underground, and each 
spring this stem, which may be much branched, sends up 
leafy flowering stems which die down at the end of th^ season. 
Michaelmas ^isies and other familiar herbaceous perennials 
have this sort of organisation. During the growing season, 
the food made by the leaves and not used for the current 
needs of the plant is passed down and stored below ground, 
being utilised in the next spring in the preliminary stages of 
gro^h. Large storage organs are formed by the underground 
stems of some plants ; the bulbs of hyacinths and tulips, the 
corms of the crocus, and the tubers of the potato are familiar 
underground stems which act as food reservoirs. All these 
plants pass at least a part of the year in an inactive condition. 

Such plants are usually natives of situations where, for 
some reason or anoffier, there are special hindrances to growth 
during part of the year. Some are woodland plants — the blue- 
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TRUE ROOT TUBEROUS BULB, 

showing Root Hiirs (as of Begonia) 


TRUE ROOT OR UNDERGROUND FOOD-STORE 
The tuber and corm are not roots at allt but are underground 
stems enlarged to act as food reservoirs for the plant. A bulb 
consists of enlarged^ fleshy ^ food-storing leaves^ with^ in the 
centre^ a bud from which the flowers spring. 

bell is a good example — others, including many of the bulbous 
plants in cultivation, come from places where there are sharp 
alternations of wet and dry seasons. The woodland plants, 
having stored food at their disposal, are able to start growth 
early in the year, and to produce their flowers, set their seeds 
and lay in renewed stores before the shade cast by the trees 
brings activity to an end. Those which live in droughty 
places can make a rapid start as soon as water is available and 
complete their work before water scarcity again becomes 
acute. 

tMrXbaps a factory for naking the food supply 

F inally, in our general survey of the plant, we come to 
the leaf. The leaves of most plants are thin, flattened 
objects, usually so arranged on the plant that they present 
one broad face to the sky. This posture is directly related to 
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the need of the leaf for good light which plays an essential 
part in the manufacture food, the essential function of the 
leaf. 

Active leaves always contain a great deal of water, and to 
this they owe much of their stiffness ; the crisp lettuce leaves 
so welcome in a salad contain about 95 per cent by weight of 
water ; the tougher leaves of the trees have about 80 per cent 
of water. Leaves have the same general arrangement as stems 
in relation to rigidity, the strong epidermis resisting the 
expansive tendencies of the softer celb inside. The mass 
of soft cells inside the leaf is freely permeated by veins ; 
these have some mechanical strength, and help in keeping 
the leaf spread out, but their main purpose is the conduction 
of watery solutions into and out of the leaf. Everyone has 
probably seen a leaf skeleton ; one is easily made by rotting 
a leaf for a time in water, and then carefully washing away 
the soft rotten material. Such preparations show , perfectly 
the complicated conducting system of the leaf and its intimate 
relation to all parts of the leaf. 

HOW THE LIAP FACTORY IS BUILT 

T he leaf is covered completely by a well-organised epi- 
dermis enclosing a thin layer of softer cells. These are 
not all of the same kind. Beneath the upper surface, and 
therefore in the best lit position, lie one, two or more rows of 
cells which are several times longer than they are broad. 
The cells are grouped into tightly packed layers with one 
narrow end of each cell turned towards the upper surface of 
the leaf. The microscope reveals the presence, inside each 
cell, of large numbers of small green granules ; these are 
the chloroplasts and they contain the chlorophyll. The 
closely packed layers, with the ends of the cells turned towards 
the light, form ^e palisade tissue of the leaf, and the lower 
ends of the cells are often close to the veins. 

Between the palisade tissue and the under epidermis, 
there is a region occupied by cells of rather irregular form. 
They contain chloroplasts, but they are not packed closely 
together, for although they touch one anoAer here and 
there, and although some of them may make contact with 
the lower ends of some of the palisade cells, there are in this 
region many air-filled spaces, so that there is a general spongy 
texture. The spaces between the cells are in communication 
and they unite also with some rather large air spaces just 
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Epidermis 



lower - 

Epidermis (Sh, «n.) 


Stoma Cuticle 



THE DELICATE STRUCTURE OF THE LEAF 
The top diagram shows a leaf cut through and highly magm^ 
fied to display the arrangement of the palisade cells beneath 
the surface skin. Below, the under surface of a leaf is highly 
magnified to show the difference between the ordinary cells (C) 
and the stomata or breathing pores (S). 

inside the epidermis, and communicating with the air outside 
the leaf through pores in the epidermis. 

As a rule, these pores — ^the stomata — ^which are not mere 
holes, but have an organisation by means of which they can 
open and close, are most abundant on the lower surface of 
the leaf. The number of stomata in a leaf is not uniform for all 
plants, but, as an indication of the numbers in which they 
may occur, we may note that a large sunflower leaf has about 13 
million stomata, and that, as an average value, every square 
millimetre of the under surface of an oak leaf bears 346 sto- 
mata, The many and relatively large spaces between the cells 
inside the leaf provide room for a considerable amount of air, 
and the abunmuit stomata allow of the ready exchange of. 
gases between this internal atmosphere and the air outside* 
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THE CILLt CRADLE OF THE UFE FORCE 

t 

U P to this point we have taken for grated that the plant 
is made up of cells or of structures derived from cells. 
We must now pass to a somewhat more detailed treatment 
of the cell, since we need some knowledge of this before w^ 
can study the inner workings of the plant 

Cells are commonly very small objects, though some are 
large enough to be seen with the naked eye. If we take a 
ripe tomato which is still in good firm conation, and tear it 
in halves, we can sec without the use of any magnification 
that the whitish material running into the fruit from the 
junction of the stalk, and the reddish material of the fieshy 
wall around the fruit have a finely granular structure. A 
hand lens of moderate power shows that the granular condition 
is due to the presence in those parts of many small globules 
which do not fit very closely together. The globules are the 
cells. They have a shiny, swollen aspect, since they are dis- 
tended with water. 

Full details can be obtained only by the use of the higher 
powers of the compound microscope, assisted by the use of 
fluids which kill the cells without causing them to shrink, 
and by the application of stains to bring out details. By 
such methods we find that each cell is surrounded by a thin, 
firm wall. Inside this, and in intimate contact with the wall, 
there is a layer of a viscous fluid full of tiny, nearly colourless 
granules ; the fluid is protoplasm saturated with water. It 
is not unlike white of egg in its general characters, and, 
though its exact nature is unknown, it appears to be a very 
complicated system of complicated substances, and it is the 
part of the cell in which the mysterious thing we call life has 
its being. The layer of protoplasm forming the protoplast 
of the cell completely surrounds a cavity — the vacuole — 
filled with a watery fluid containing sugars, mineral salts and 
many other substances in solution. In properly prepared 
material, stains show that the protoplast includes a rounded 
object — the nucleus — and that this often includes a smaller 
rounded body — ^the nucleolus. 

The nucleus is a most important part of the protoplast, 
for it presides over the activities of the cell, and, though we 
are not concerned with the subject here, the nucleus appears 
to be the chief agent in the transmission of inheritable char, 
acters. In most cells the nucleus usually forms but a 
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part of the protoplast, the remaining and larger part being 
known as the c^plasm. When chloroplasts are present 
they are embeddra in the c^plasm and are therefore in 
intimate contact with the active material of the cell. Cells 
vary so much in size that it is not possible to give even average 
^gures of their dimensions, but, as some indication of Ae 
size of nuclei, we may note that if 2500 nuclei of average size 
were strung like beads, the string would be an inch long. 

Plant bodies are made up chiefly of cells, which may have 
the simple form just describe or which may be much more 
complex. The complications affect mainly the shape and 
thic^ess of the walls. The walls consist of dead material 
formed by the protoplast, and provide a mechanical framwork 
in which the protoplast lives and works. The walls are pier^d 
by fine pores through which the protoplasts of neighbouring 
cdls remain in communication. 

THE CELLS THAT HOLD OR CONDUCT THE MATERIAL 

T he conducting strands of the plants, and in particular 
those of the wood, are not formed of siitiple cells. The 
tubular wood vessels are formed by the union, end to end, 
of several thin-walled cells, with subsequent break-down of 
the wails between the cells, and thickening of the waUs along 
the sides ; one can get a rough idea of the process by imagin- 
ing severd cylindrical tins piled one on top of another, and 
then all the lids and bottoms disappearing except those at 
the two ends of the pile. 

As the vessels form, the living contents of the uniting cells 
disappear so that the vessels contain no living material when 
they are fully formed. They ckn conduct material only as 
long as living cells are close by. This explains how it is that 
most of the wood of a large tree is dead and unable to conduct 
fluids. In the tree living cells exist only in tlw surface layers 
of the wood, and they die as new cells are laid down outside 
them. When they die, the vessels in Aeir vicinity lose their 
power of conduction. 

The sieve tubes which are concerned in the movement of 
the more complicated food substances inside the plant are 
also formed from elongated cells ; mature sieve tubes contain 
living cytoplasm but no nucleus. They usu^y have in close 
associatiofi one or more small cells with specially large nuclei, 
and it seems probable that these nuclei control the activities of 
the cytoplasm in the neighbouring sieve tubes. 
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THE PLANT AT WORK: THE BUSINESS 
OF GETTING A LIVING 

M any attempts have been made to solve some of the 
problems of the way in which the plant works, by making 
chemical analyses of the plant body. It is comparatively easy 
to analyse the plant and to find what chemical elements are 
present, but such analyses tell us little of the substances which 
are actually present in the plant. However, such work shows 
that the number of chemic^ elements of universal occmrence 
in plants is small ; it is made up as follows : carbon, hydrogen, 
oxygen, nitrogen, sulphur, phosphorus, calcium, potassium, 
magnesium, iron. In addition, many plants contain appreci- 
able amounts of sodium, chlorine and silicon. The elements 
do not occur as elements inside the plant ; they are always 
united with other elements, often in very complicated fashion. 

Two tables of analyses follow ; inspection of these will 
give a good general idea of the position in some common 
plants. 

Table I. — ^Approximate percentage analyses of common 
vegetable materials after dr^ng 


Material. Carbon. 

Oxygen. Nitrogen. 

Ash. 

Wheat grain 46 

6 

43 

2*5 

2*5 

Potato tuber 44 

6 

44-5 

1-5 

4-0 

Beet, leaf 38 

5 

31 

4*5 

21*5 

Table II. — ^Percentage composition of three common 


plant materials 




Wheat 

Potato Lettuce 

Ingredient. 

grain. 

tuber. 

leaf. 

Water 

14 


75 

95 

Dry material 

86 


25 

5 

consisting of: 





Proteins 

12 


2 

*85 

Fats 

2 


•25 

•5 

Carbohydrates 

68 


21 

2-0 

Ash 

2 


I 

1*0 

Fibrous matter 

2 


75 

*65 


M 

Wheat grains and potato tubers are resting structures 
containing much starch, a carbohydrate plants often store in 
their resting structures. The figures suggest very clearly how 
it is that wheat is a better food for animals than are potatoes. 
The high ash content of the leaves, calculated in relation to 
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their dry weight, is of interest ; leaves commonly contain 
much mmeral material. 

The ash contains all the elements present in the plant 
except carbon, hydrogen, oxygen and nitrogen. The elements 
found in the ash enter the plant from the soil, dissolved in 
water taken up by the roots. Much of the solution passes 
into the leaves of the plant, where the water escapes into, the 
air, leaving the mineral substances behind in the leaves. Some 
of the accumulation is got rid of by the plant when the leaves 
fall. At first sight such a circumstance may seem of little 
moment, yet so complex is the inter-relationship between plants 
growipg under natural conditions that even so. trivial a matter 
as the disposal of excess mineral substances may have its 
significance. The ash of leaves often contains a fair amoimt 
of compounds of calcium, and rotting leaves may sometimes 
add sufficient calcium to the surface soil to prevent it from 
becoming acid, even though there may be an acid soil beneath 
it. The lesser celandine cannot grow well on an acid soil, but 
it is often found in abundance on the shallow layer of soil 
kept suitable for its growth by the annual addition of com- 
pounds of calcium from fallen leaves. 

PLANTS WITHOUT STEM, ROOT OR LEAVES 

A nalyses such as those which have just been given apply 
to the whole plant ; they tell us litde about the composi- 
tion of its protoplasm, to the present it has not been 
found possible to obtain sufficient quantities of the protoplasm 
of any of the flowering plants for purposes of analysis. There 
is, however, a group of lowly organised plants, the slime 
moulds, whose bodies consist of a naked mass of protoplasm 
without any cell walls ; these plants have no roots, no stems 
and no leaves. The protoplasm is not pure, for it always 
contains a certain amount of rubbish, but it is the best material 
available. Analysis of this material shows that about 55 per 
cent of the dry weight is protein, indicating that protoplasm 
is specially rich in nitrogen, sulphur and phosphorus. 
Probably most of the nitrates, sulphates and phosphates taken 
from the soil by plants are used up in making protoplasm. 

A MIXED DIET AND DOSES KEEP THE PLANT WELL 

^T'AHE chemical analysis of plants has led to a number of^ 
X developments : for example, the modem industry in arti- ' 
ficial manures, such as superphosphates and sulphate of am- 



THE PLANT AT WORK 27 

monia, and to the utilisation of deposits of potash and phos- 
phates in various parts of the world. After it had been shown 
that plants contained certain elements it was an obvious step to 
investigate what plants took from the soil, and this work has 
stimulated much study of the soil and of means to increase 
its productiveness. Experiments have shown that plants do 
not flourish unless they can obtain supplies of nitrogen, 
sulphur, phosphorus, potassium, magnesium and iron, and 
that some plants need small supplies of other elements as 
well. It is noteworthy that although plants contain much 
carbon, they do not obtain this from the soil. Sufficiency, 
however, is by no means all that is necessary for a plant to 
flourish. The water in a fertile soil holds, m solution, supplies 
of all the nitrogenous and mineral substances that the plants 
need, but if these substances are supplied to the plant singly, 
and not mixed with the others, they may be poisonous instead 
of beneficial ; in the soil water, the substances are so balanced 
that they cancel out one another’s poisonous properties and all 
is well. It has been shown, too, that many plants need, for their 
best growth, tiny amounts of special substances. For example, 
broad beans need very small doses of borax or of zinc which 
appear to produce a stimulating effect on growth out of all 
proportion to the amount of the dose. 

All growing plants contain a great deal of water, so much 
indeed that it has been suggested that the plant consists of 
water held in shape by small amounts of a few other sub- 
stances. When it is recalled that a fresh lettuce leaf contains 
about 95 per cent of water, the idea does not seem so odd as 
it does at first sight. Water is of the greatest importance to 
plants, and this in a variety of ways. 

There are some properties of water which fit in well with the 
special needs of the plant. It dissolves a very large number 
of substances and so provides a means of bringing material 
into the plant and of moving it inside the plant. It is trans- 
parent to light, and so opposes no serious hindrance to the 
entry of this important source of energy into the plant. The 
heat relations of water are of special significance ; it heats up 
slowly and cools down slowly, and consequently the large 
amoimt of water in the plant affords protection against sudden 
and’ violent changes of temperature. Further, when liquid 
water is changed into water vapour, it takes up much heat 
from the substances with which it is in contact — the porous 
earthenware butter coolers are kept cool by the water evaporat- 
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ing from them. Plants, t^, lose much water vapour and are 
cooled in the process, without doubt to their« advantage in 
hot weather, when water loss is particularly great. 

HOW THE PLANT DRINKS 

W E have already noted that water provides the means for 
the entry of many substances into the plant. In order 
to understand how entry occurs it is necessary to devote some 
attention to a matter which, at first sight, has little to do with 
the plant. Somewhere about 1750, Nollet, a Dutchman, 
found that when a pig’s bladder was filled with alcohol, tied 
up firmly and placed in water, the bladder swelled, and some- 
times burst ; conversely, a bladder of water shrank when it 
was immersed in alcohol. It was evident that the two fluids 
were not passing through the bladder at the same rate, and 
that the water was going through faster than the alcohol. 
These experiments were the first of many made to discover the 
power possessed by some membranes to influence the passage 
of substances through them, and we now know of many 
sorts of membranes which let some substances pass through 
them easily, but limit or prevent the movement of others. 
Such membranes are semi-permeable membranes and they 
are of great significance in the economy of living creatures. 

It is not very difficult to fasten a long glass tube to a thin 
bag of collodion in such a way that the joint is watertight. 
If we then fill the bag with a strong solution of sugar and 
hang it in water, we may make the following observations. 
First, we note that there is a steady rise in ffie level of the 
water in the glass tube and this may continue until there is a 
column of water several feet high in the upright tube. The 
rise does not continue indefinitely. It ceases after a time, 
the level stays constant and then slowly falls, until finally 
the liquid stands at the same level inside and outside the 
tube. 

At the beginning of the experiment there was water outside, 
and water and sugar inside the bag of collodion. If samples 
are taken from ffie water outside while the experiment is 
going on it is found that every sample contains more sugar 
than did die preceding one ; it is understood of course that 
equal samples are taken. At the end of the experiment, 
sampling shows that the sugar is now evenly shared in all 
the water present, both inside and outside the bag. 

All the time that the experiment was going on, water was 
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passing easily through the walls of the bag in either direction, 
but sugar was passing much more slowly. Consequently, for 
a time there was a strong solution of sugar inside and a weak 
solution outside. Under these circumstances, water tended 
to pass from the weak to the strong solution, and this was 
shown by the rise of fluid in the upright tube above the bag. 
As the column rose in the tube it exer^ an increasing down* 
ward pressure. This acted against the accumulation of water 
in the bag, since it tended to force water out. 

Presendy a point was reached where the passage of the 
water into the bag was just balanced by the amount of water 
being pressed out, partly by the column in the upright tube, 
and partly by the resistance to stretching offered by the some- 
what elastic collodion bag. Sugar continued to pass slowly 
out of the bag, so that the two solutions, inside and outside, 
were approaching a point where they were of equal strength. 
As this went on, the pressures expelling water from the bag 
became more and more effective, and the loss of water was 
indicated by the slow fall of the column. Finally, when the 
sugar was evenly distributed, levels were the same inside and 
outside, since the apparatus no longer contained two solutions 
of different strength, separated by a semi-permeable mem- 
brane. 

The experiment may be made in another way. A solution 
: of sugar is placed in a bag of collodion which is then sealed 
; up and sunk in water. At first, water passes readily into the 
^ strong solution, the bag swells and its wall is stretched. A 
\ point is slowly reached where the bag will stretch no more ; 
rthen, provided the bag does not biu^t, nothing appears ta 
; happen for a time. As sugar is slowly lost from the bag, 
** internal pressure falls and the bag continues to contract until 
it is no longer stretched ; when this point is reached, samples 
will show that the sugar is evenly distributed throughout all 
the water present. It is evident that in experiments of this 
kind we are dealing with a balance of pressures. 


WATCHING THE ROOT HAIRS GROW 

return to the plant. Let us suppose that we line a 
W glass pot with blotting paper, fill the pot with clean 
sand, and push some mustard se^s between the pot and the 
paper ; we then d^p the sand and put the whole thing in 
a warm place. After a few days the seeds germinate and 
produce downwardly directed roots. These show a smooth. 



THE GREEN PLANT 


30 

tapering tip, and a little behind this is a length of root covered 
by long, delicate white hairs. If we watch the preparation 
for a few days we see that as the root elongates, the hairs 
towards the base shrivel and are replaced by fresh hairs 
formed nearer to the tip. The general effect is that as the tip 
pf the root grows downwards, the zone of hairs also moves 
downwards, always keeping at about the same distance behind 
the tip. 

The microscope shows that each hair is an outgrowth 
from one of the surface cells of the root. The hair is part of 
the cell, and not a separate structure. One wall covers the 
whole and the lining of cytoplasm and the vacuole run out 
into the hair. The superficial cells of the fairly young parts 
of the root, with the l^rs that they bear, form the apparatus 
used by the plant to collect soil water. Incidentally, care 
must be taken to distinguish clearly between root hairs and 
very fine rootlets ; the latter consist of many cells and may 
themselves bear root hairs. 

Mustard seeds, treated in the manner indicated, give very 
dear specimens of root hairs, but when plants are grown in 
soil, root hairs are not always easy to find, for they are often 
short, and are always closely applied to the particles of the 
soil. Since the root hairs have sticky walls it is difficult to 
wash away the soil without destroying the hairs. 

ROOT HAIRS AS COLLECTORS OP RAW MATERIAL 

T he root hairs, closely applied to the soil partides, are the 
chief absorptive organs of the plant. They occur only 
on young roots, generally on restricted areas just behind the 
tips. Older parts of the root, over which the impermeable 
corky layer is forming or has formed, have lost their root 
hairs. 

The particles of a normal soil are surrounded by a thin 
film of water which holds many substances in solution. Root 
hairs make intimate contact with the soil particles, often 
becoming moulded to them. Each cell, with its root hair, is 
dosely comparable with the collodion bag as a device for 
absorption, with two important differences. In the bag the 
collodion wall acts as the semi-permeable membrane ; in 
the cell the wall affords support to the lining of cytoplasm 
inside, and contributes the dastic part of the combination, 
but it is not a semi-permeable membrane. The lining of 
cytoplasm is the semi-permeable membrane, and — ^the second 
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important difference — it is alive, and can only act as a semi- 
permeable membrane as long as it is alive. If roots are killed 
by heat or by poisons, there may be no visible difference 
between their cells and those of living roots, but experiment 
shows that the root is no longer an efficient absorbing mechan- 
ism. 

The soil water of fertile soils is not so strong a solution as 
is the fluid in the vacuoles of the cells of roots growing in the 
soil. Consequently, water and other substances pass from the 
weak solution outside to the stronger solution inside. Every- 
thing goes in in solution, for the roots cannot take in solid 
materid. As the cells absorb water they swell and the cell 
wall is stretched. The power of the cells to continue to absorb 
is determined by the balance set up between the tendency of 
material to pass into the cell because of the stronger cell sap 
inside, and the resistance offered to stretching by the walls 
of the cell. If this balance is exactly reached, absorption will 
cease, but it is probable that this never happens. The process 
by which a plant takes in food through its roots is known as 
Osmosis. 

The entry of water into the root hairs and superficial 
cells of the root is only the beginning of the story ; we must 
still consider how the material is distributed to the rest of the 
plant. Inside the young root there are many thin-walled 
cells which, except that ffiey bear no hairs, are very like the 
superficial cells, and have the same power of taking in 
watery solutions. Now, the cells on the outside of the root 
are closest to the source of supply, and it is therefore a fair 
assumption that, of all the cells of the root, they are the most 
likely to be nearest to the condition of balance where the 
pressure of the contracting walls opposes most resistance ta 
the entry of more water. The cells next inside them will not 
be quite so close to this condition, and they will have a some- 
what greater demand for water ; this they will satisfy as far 
as they can by taking water from the superficial cells, and with 
the water, other substances also. Cells still further within 
the root will be still less satisfied, and so will take water from 
those just outside them, and, as we pass deeper and deeper 
into the root we find cells whose demands for water are less, 
and less easily met. The effect of all this will be that water 
will be always passing Inwards from the better supplied to- 
the worse supplied ceUs ; consequently, even the cells on the 
outside of the root will never quite reach a stage where they 
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Tctain their full water content, and will therefore continue to 
Cake it from the soil. 

In this way we may picture the passage of material from the 
soil into and through the thin-walled living cells of the root, 
but we presently come to a i^int, deep in the root, where 
there is a transfer from the living cells to the dead vessels 
of the wood, by means of which the water passes into the 
general body of the plant ; at present, we have no satisfactory 
•explanation of the manner in which this is done. 

HOW WATSII lUSES FROM ROOTS TO LEAVES 

do know something, however, of the ascent of water 
^ V from the roots to the stems and leaves. We have already 
seen that dyes travel upwards in the wood, showing this to 
be the path followed by watery solutions in the plant, but 
before we can deal with this matter we have once more to 
leave the plant for a time. 

Paradoxical as it may appear, a thread of water, suitably 
isupported, can take and can transmit a pull much in the 
aame way as a wire can do so. This may be shown in the 
following way. A glass tube about iBve feet long is provided 
with an open, expanded end. This is loosely packed with 
wet plaster of Paris, which, as it sets, swells and fills the 
expansion. The tube is then filled with water containing no 
air in solution, and set vertically with its lower end dipping 
into mercury. Water evaporates from the plaster plug ; it 
is replaced by water from the tube below, and mercury rises 
into the tube to occupy tbe space vacated by the evaporated 
water. 

As eva|X)ration continues the mercury rises higher and 
higher. At first, this rise has no special significance, for it 
could be due to the weight of the air pressing up the mercury, 
as it does in a mercury barometer. In time, however, if the 
apparatus has been well prepared, it is found that the column 
of mercury rises until it stands much higher than the column 
in a barometer placed by the side of the apparatus. Since the 
column in the barometer is supported by the weight of the 
air, and since at any given time the column in the barometer 
^lows the maximum effect that the weight of the air can exert. 
It follows that the extra length of the mercury column in our 
apparatus is being supported by sofbething other than tho 
weight of the air. 

It is a fair conclusion that the mercury is being pulled up 
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by the thread of water above it, and that this in its turn is 
supported by the numerous fine direads of water in the plaster 
plug, these ending at the upper surface of the plaster where 
evaporation is in progress. Calculation and experiment have 
shown that threads of water may be sufficiently strong to 
take pulb greater than those necessary to lift water from soil 
level to the tops of the highest trees. In a broad way, the 
plant may be directly compared with the simple apparatus we 
have just considered. 

THE PLANT*! WAY OP MAKING UP LOSSES 

I T is easy to show that plants are always losing water vapour 
from their exposed surfaces, and it is equally easy to show 
that water is always rising from below to replace losses. The 
leaves and yoimg branches, of the plant provide an evaporating 
surface comparable with, and no doubt much more efficient 
than, the surface of the plaster plug, and the system of con- 
ducting vessels inside the plant forms an elaborate counter- 
part to the upright glass tube. It seems highly probable that, 
in essentials, the water rises in the plant in the same kind of 
way that it rises in the glass tube. 

It follows that the plant has a water supply system by 
which losses are automatically replaced, provided always 
that there is sufficient water in the soil to allow the stock in 
the plant to be maintained, and provided also that the plant 
can take in that water as fast as it loses water from its leaves. 
The mechanism is not perfect. Any garden, in the middle 
of a hot day, will show some plants that look limp ; they arc 
flawing because they are losing water faster than they arc 
taking it in. The same plants may, however, be stiff and fresh 
looking in the late evening or the early morning, even if they 
have not been watered in the meantime. 

In the heat of the day plants often lose water faster than 
they take it in, their soft cells shrink, and the leaves and 
young stems flag ; expenditure exceeds income. With cooler 
conditions, expenditure decreases, income and expenditure 
balanw, and the plant receives and retains enough water to 
k^p it fresh and rigid. Sometimes, income exceeds expen- 
diture by evaporation, and water which is in excess of require- 
ments may then pass out of the plant in liquid form ; this 
accounts for much of the dew on grass in the early morning ; 
the water has not come from the air but has been exuded 
from the tips of the leaves. 

n T -r ^ 
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The relation between income and expenditure of water is 
of vital importance to the plant. Growth is impossible unless 
the young growing parts are fully charged with water ; a plant 
flagging from • insufficiency of water is not growing. If a 
plant is wilted for several hours a day in hot weather the 
loss of growing time may be serious — so serious indeed that 
it has been found worth while to provide artificial shading 
for some crops in the tropics. The shaded plants gain many 
hours of growth and the improvement in the crop more than 
pays for the expense of providing the shade. 

WHEN THE PLANT MUST CHOOSE BETWEEN FOOD AND WATER 

P LANTS lose water chiefly through their stomata. These 
may close when the water supply is scanty, and so exert 
an automatic check on loss, but they do not act very accu- 
rately, and since stomata tend to remain open in bright 
light they may cease to act as checks on the loss of water from 
the plant at the very time when a check is most needed. 
Further, the stomata are essential to two other important 
activities of the plant, and for these purposes they must 
remain open. The manufacture of food, at any rate in its 
preliminary stages, can only go on in the light, and the plant 
uses carbon dioxide taken in from the air through the stomata. 
If, therefore, the stomata are closed in the daytime the intake 
of carbon dioxide must be hindered, and this must limit the 
making of food. 

On the whole, the average plant does not seem well equipped 
for controlling its water supplies. It must have plentiful 
supplies of water for all its many activities, and it must obtain 
carbon dioxide, and also oxygen from the air for the manu- 
facture and utilisation of its food. The gases from the atmo- 
sphere enter the plant through the stomata which must be 
open if the gases are to pass in ; but which, if they are open, 
may allow too much Water to pass. Somehow, therefore, the 
plant has to strike a balance between these two processes. It 
is well known that many plants have structural devices which 
limit the loss of water, and the widespread occurrence of 
such devices indicates how acute the water problem must be. 

The loss of water from the plant is not a mere matter of 
evaporation. If one leaf on a twig is killed by chloroform, 
and then the whole twig is cut and put to dry in the air, tl\e 
killed le^ loses water more quickly man the o^ers. Evidently, 
living mate^, even when it is dying from drought, can 
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impose some check on straightforward evaporation. There 
is good reason to conclude that the loss of water from the 
plant is chiefly responsible for the maintenance of the stream 
of water that passes through the plant. If plants lost water 
only by evaporation, there could hardly be a water current 
through a plant submerged in water, as a submerged plant 
could not evaporate water into the water around it. By 
means of dyes it can be shown that there is a stream of water 
passing through plants growing submerged in water, and 
this suggests that the plants are losing water by some means 
other than evaporation, and that probably land plants also 
have the same means at their disposal. Probably both excre- 
tion and evaporation are concerned, arid indeed evaporation 
must be concerned, since dead plants left standing in soil 
continue to take water from the soil and give it off into the 
air. In those plants the usual mechanism for the collection 
of water has been destroyed, and it appears that the dead 
cell walls act as a sort of wick, lifting water from the soil to 
regions where evaporation is possible. 

Plants do not lose water to the air so rapidly as water 
evaporates from an open surface. In one experiment, exposed 
water evaporated at the rate of about three pints from each 
square yard in twenty-four hours. At the same time, and 
under the same conditions, an equal area of beech leaves lost 
about a quarter of a pint of water. This does not seem much, 
but it appears that beech trees covering the ground fairly 
densely may transfer in a day nearly a quarter of a million 
gallons of water to the air from an acre of ground. 

THE GREEN PIGMENT ON WHICH 
ALL LIFE DEPENDS 

T he nutrition of plants has to be treated from two points 
of view ; we have to see how the plant makes its food 
and how it utilises it afterwards. Since the making of the 
food depends upon chlorophyll we may well begin with 
this mixture, a mixture which is perhaps the most important 
group of substances on the face of the earth. All living 
creatures depend on the products of its activity for food, 
and modem industrial civilisation, based on the combustion 
of organic remains of past ages, could not exist had not 
green plants produced the material that the furnaces bum. 

If nettle l^ves are chopped up and treated with acetone 
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and water, a deep-green solution is obtained ; this solution 
contains a mixture of the four pigments known to be present 
in chlorophyll. When a drop of tl^ solution is |rfaced on white 
blotting-paper, the liquid spreads, and there is a thin yellow 
edge surrounding a grjeen centre. This is a rough demon- 
stration that the solution contains a mixture of substances. 
There are in fact four pigments in crude chlorophyll, two green 
and two yellow; of the latter, one, carotene, is familiar, as 
it gives the colour to carrots. All four pigments are extremely 
complicated substances ; the green ones, which are much 
more so, are made up of carbon, hydrogen, oxygen, nitrogen 
and a little magnesium, the yellow ones of carbon and hydro- 
gen only (and, in some, oxygen as well). Land plants contain 
rather imder one per cent of their weight of the mixture. 

PLANTS THAT NESD AN ISON TONIC 

M uch is known of the chemist^ of chlorophyll, but we 
are still ignorant of the way in which it worla in the 
plant. It contains no iron, but iron is used by the plant as 
it builds up its chlorophyll. Some plants are hindered from 
taking in iron from soils that contain much lime. In- 
cautious liming of the soil in gardens may be shown subse- 
quently by the development of yellow streaks and spots in 
the leaves of the plants, and, in calcareous districts, such 
yellow markings are often seen in th^ leaves of the wild plants. 
They indicate a deficiency of chlorophyll in the leaves, no 
doubt because the abundant lime in the soil has upset the 
intake of iron by the plant. 

Most plants are unable to develop chlorophyll except in 
good light, and if seeds are allowed to germinate in unbroken 
darkness, they give rise to sickly yellow plants with little 
or no chlorophyll ; these plants seldom survive for long, for 
even if they are put in the light and then form chlorophyll, 
they are usually so weak that &ey fall easy victims to enemies 
which are unable to attack fully healthy plants. 

Chlorophyll may disappear from plants if they are darkened ; 
the yellowing of grass i^ch has been accidentally covered 
up is a familiar example of this. Recovery to a normal green 
condition depends on the length of time that the plant has 
been deprived of light If recovery is possible, it seems that 
weak light is more favourable than strong light. When a 
plant » in the light, it is forming chlorophyll, and at the 
same time it is losing chlorophyU, since light breaks the 
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pigments up. The stronger the light, the more rapid is the 
break-up, and, when a plant is in a weakened condition it 
may not be able to form chlorophyll quickly enough to com- 
pensate effectively for losses in strong light. 

During those parts of the year when growth is in active 
progress there is some kind of regulation of the events going 
on in the cells, so that, with normal conditions, the green 
cells remain green and 'always contain about the same amount 
of chlorophyll. In autumn, however, changes occur in plants 
which lose their leaves at that season. The chlorophyll is 
broken up, giving brown substances which are in part respon- 
sible for the colour changes seen in autumn ; they are not, 
however, entirely responsible, since other brightly coloured 
substances owing their origin to disorganisation in the cells 
of the leaves, also make their appearance. 

THE UNEXPLAINED MYSTERY OF A PLANT’S POOD 

C ARBON dioxide enters leaves by means of the stomata, 
and finds its way into the spaces between the cells of the 
leaves. The walls of these cells are wet, and the carbon dioxide 
’dissolves in the moisture, passes in solution through the 
! walls and enters the cells. Once there, in some fashion which 
still awaits complete explanation, the cell brings about 
, union between water and carbon dioxide, with the liberation 
:of oxygen. The oxygen passes into solution, diffuses as gas into 
^ithe spaces within the leaf, and escapes from these through 
Uhe stomata, into the open air. As a result of the union be- 
^tween the carbon dioxide and the water, sugars are formed 
Jin the cells of the le^, and these sugars form the starting- 
point for further food-making operations. 

■ There is no doubt that some of the early stages in these 
operations are carried out by means of energy from the sun 
which is arrested by the chlorophyll and used for bringing 
about chemical changes. Many suggestions have been made 
to explain the changes which go on, but the experimental 
investigation is very difficult, and the results are not clear 
enough to allow of dogmatic conclusions. It is well demon- 
seated that green plants can only utilise water and carbon 
dioxide for food manufacture if they are supplied with light 
— not. necessarily, however, with bright sunlight — and it 
follows that the energy from the sun lies at the bottom of all 
the changes which lead to the building up of food from simple 
beginnings. 
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As sugar 'accumulates in the cells, at times when that 
substance is' being formed, it necessarily follows that the 
concentration of dissolved material in the cell sap must rise. 
Continued increase of this kind might well upset the general 
relationships of the ceils, since, the more concentrated the 
cell sap, the more vigorously does water enter from without. 
We find that, as sugar is nuide in the green cells, much of it 
is converted into starch ; this, being insoluble in water, 
appears as small solid granules within the cells, and so long as 
it remains in this form it plays no part in the activities of the 
cell. Some of the sugar is used by the cell which makes it, and 
some of it diffuses out of the cell and passes to other parts of 
the plant, supplying cells which possess no chlorophyll and 
cannot manufacture for themselves. 

During times when the green cells are exposed to light, 
the rate at which sugar is being made greatly exceeds the 
rate at which it is being used up, and it is easy to show during 
the daytime that starch accumulates rapidly in the green 
cells of the plant. As the light becomes weaker, the manu- 
facture of sugar, and therefore of starch, falls off, and presently 
a point is reached when the cell is using sugar, or losing sugar 
by diffusion, faster than it is making it. Then the starch is 
converted back into sugar, and, as this is used or passes 
elsewhere, more starch is converted. In some plants all the 
starch accumulated during the daytime may be turned back 
into sugar and used or transported to some other part of the 
plant during the night ; in others two or three days of com- 
plete darkness are necessary to ensure that all the starch in 
the leaves has undergone the change. * 

There is some doubt about the part played by chlorophyll 
in relation to the formation by the plant of food materials 
containing nitrogen, and other of the more complicated 
substances of the plant. It seems well established that few of 
these substances are formed at the expense of light energy, 
and it may be that none are. It is quite possible that the green 
plant uses light energy only for the formation of sugar, and 
that all the otlier changes which occur in the cells derive 
their energy from the subsequent breakdown of the sugar. 

TINY SUGAR FACTORIES IN THE LEAVES 

T he sugar-starch relation just mentioned plays an imppr- 
tant part in the opening and closing of the stomata. 
simple form of stoma consists of a couple of sausage-shap^ 
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cells — guard cells — l3dng side by side in the epidermis of the 
leaf, and firmly united with the neighbouring epidermal 
cells ; the two guard cells are not, however, joined to one 
another except at the ends, so that there is an opening between 
them. They contain chlorophyll and so are able to manu- 
facture sugar. In the light, they do so actively, and as the 
concentration of sugar within them rises, they take up water 
actively from neighbouring cells. As a result the guard cells 
swell, and owing to the manner in which they are joined to 
neighbouring cells they curve as they swell and the pore 
between them opens. In darkness manufacture ceases, sugar 
is used or lost from the guard cells, their water content falls, 
and, as they shrink, they straighten out and the pore is 
closed. 

It has been mentioned several times that the plant makes 
use of energy from the sun in its manufacturing processes, 
and it has been implied that solar energy is also used up in 
the liberation of water from the plant. We may try to con- 
struct a kind of balance-sheet as an indication of the way in 
which the plant uses this energy. The figures given below 
were obtained from experiments with the common annual 
sunflower, and they do not suggest that, as a machine for 
using energy, the plant is specially efficient. 


Arbitrary value of solar energy . . . . . . lOO 

Proportion used in food-making . . . . . . o*66 

Proportion used during loss of water vapour . . 48*4 

Proportion transmitted, reflected or otherwise lost 50*94 


That is, the plant uses for constructive purposes less than 
I per cent of the solar energy falling on it. The large amount 
used in connection with tike elimination of water suggests 
the efficiency of this process in cooling the plant. As a rough 
measure of the rate at which the plant builds up material 
we may note that it has been calculated that, in a long summer’s 
day, a leaf forms about as much starch as would be equal 
in weight to a piece of tissue paper of the same size as the 
leaf. 


HOW POOD IS USED TO GIVE THE PLANT ENERGY 

T he many chemical changes which go on in the plant 
need a supply of energy for their accomplishment. A 
great deal of this energy is obtained by the breakdown of 
the food materials already formed by the plant. It appears 
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probable for instance that many of the more complicated 
rood substances are formed with the aid of energy liberated 
when the sugar present in the plant is broken down by means 
of oxygen, with the formation of water and carbon dioxide. 
Everyone knows that sugar bums readily and gives out a 
^ good deal of heat as it does so. In the same way the plant is 
able tOL. break down sugar and liberate energy from it, but 
the process is not exaedy comparable with burning, since it 
goes on more slowlv and more gradually; yet the results are 
the same in the end. 

We thus have the curious position that the plant takes in 
water and carbon dioxide and brings them together to form 
sugar, liberating oxygen in the process, and also that it takes 
in oxygen, and uses it to break down the sugars (and other 
substances) and liberate water and carbon dioxide^ This 
second process, the breakdown of complicated substances 
to simple ones, with the liberation of energy, is common to 
aU living creatures, whether plant or animal, and it is impor- 
tant to realise that the process goes on inside the cells of the 
creature. Moreover, it goes on all the time, so long as the 
cells are alive, and so contrasts with the more simple of the 
manufacturing processes of the green plant, wlucb only 
proceed in the light. 

aUlCK-BREATHINO PLANTS WHICH GROW WARM 

T his utilisation of material, with the assistance of oxygen, 
is called respiration ; it appears that the commonest 
substances used in the process are sugars, and,, when this is 
so, the plant gives out approximately as much carbon dioxide 
as it takes in oxygen. Fats can also be used, and they are 
commonly used by yoimg plants, since many seeds contain 
stores of tatty substances ; these need more oxygen for their 
breakdown, so that a plant using fats in respiration takes in 
more oxygen and yields less carbon dioxide. For short periods 
green plants are able to carry on respiration without an ex- 
ternal source of oxygen, since they can take oxygen from some 
of the material present and use it to attack further material, 
but they cannot live indefinitely without supplies of free 
oxygen. 

So far as we know, the green plants utilise only complicated 
substances for proposes of respiration, but it is worth notipe 
that some of the bacteria of the soil, bacteria which play 
important part in the breakdown of organic material and its 
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feconversion into the simple fonns udlisable by higher plants, 
are able to oxidise very simple substances such as ammonia, 
and to gain in this way suiEcient energy for their needs. 

In general, respiration goes on rather slowly in plants, 
and the energy liberated, probably mostly in the form of 
heat, is not set free fast enough to raise the body temperature 
of the plant to any appreciable extent ; in this respect we 
have a sharp contrast with the warm-blooded animals, in 
which the rapid rate of respiration keeps up the body heat 
to the necessary level. Sometimes, however, plants may 
tespire fast enough to produce temperature effects ; ger- 
minating seeds are usually a trifle warmer than their surround- 
ings, and in some plants which develop their flowers very 
quickly, the rapid utilisation of food materials at that time 
may result in the liberation of considerable quantities of 
heat. Of course, any heat that can be detected by means of 
a thermometer placed in the neighbourhood of the plant is 
heat lost to the plant, but the fact that it can be shown that 
heat is escaping indicates that respiration is proceeding with 
special vigour. 

We may obtain a good deal of heat energy from sugar by 
burning it, but we can only do this by first raising the tem- 
perature of the sugar to a point where combustion begins. In 
the plant, sugar is utilised by oxidation, but the plmt does 
not start the process by the application of a high temperature. 
It seems that the plants possess a number of very curious 
substances — enzymes — ^which have a remarkable power of 
causing chemical change in other substances, at ordinary 
temperatures, and without much loss of the enzymes them- 
selves, and there is little doubt that the utilisation of food 
materials in respiration, at the low temperatures alone possible 
in the plant body, is brought about by these enzymes. These 
powerful substances are sometunes of industrial importance ; 
for example, the conversion of sugar into alcohol by yeast, 
a process which is a modified kind of respiration, depends 
upon the enzymes of the yeast plant 

ENERGY EUILT UP RY RESPIRATION 

I T appears then that respiration is a process by means of 
which plants and animals break down the complicated 
substances which serve as food, and that the process ends 
with the formation of carbon dioxide and water, and the 
liberation of energy. There can be no doubt that in the 
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living cells in which the process is carried out the breakdown 
of the food goes on in a number of successive stages, each 
gelding simpler products and some free energy. Respiration 
IS carried out by all living things, and goes on at all timeSt 
furnishing the creature wi^ a continuous supply of energy. 

In green plants in the light, it is not easy to show that 
respiration is in progress, as it is masked by the more vigorous 
process of food manufacture going on at the same time. It 
has, however, been shown t^t green plants respire at the 
same time that they make up food, and the realisation that 
these opposing processes are going on in the same cell at the 
same time serves to emphasise the very complex nature of 
the proceedings of living creatures. Complete breakdown 
of the food materials to the simple substances from which 
they were made is only possible when the plants are abun- 
dantly supplied with oxygen ; if the supply of oxygen is 
restricted the process may continue in a modified form, but 
this yields less energy, it may result in the formation of sub- 
stances which ultimately poison the organism, and it can only 
be carried on successfuUy by a few specialised fungi and 
bactma. 

WHAT DOES A PLANT DO WHEN IT 
GROWS? 

U p to this point we have considered some of the processes 
which go on in plants, and for convenience they have 
been considered separately. Some attempt must now b^ 
made to take the plant as a whole. One of the most striking 
features of plants is the fact that they grow. This usually 
means that they increase in size, protecting their real living 
substance inside walls of cellulose and other substances 
probably composed largely of carbohydrate waste from the 
various processes going on in the plant. As most plants are 
unable to move about, and therefore have to obtain their 
supplies from a restricted field, it is hardly surprising that the 
actively growing parts of the plant lie either at the tips of the 
roots and branches, or disposed in a layer as close to the air 
as possible, just within the protective coating which covers 
the surface and does much to check excessive loss of water. ^ 
Mere increase in size and weight does not constitute growth ; 
a piece of dead dry wood will absorb water and increase* 
both in weight and size, but it returns on drying to its former 
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State. On the other hand, when a plant grows, it undergoes 
a permanent change, and this change cannot be reversed, 
dhce a seed has germinated, it cannot be put back into the 
resting condition ; cells within it have divided, and chemical 
changes have gone on ; changes of this sort accompany all 
true growth. For a short time roots may actually decrease in 
diameter as they grow, but this is a somewhat unusual pheno- 
menon. 

It will be remembered that the unit of ^nt construction, 
and the unit of plant activity, is the cell. The growth of the 
cell starts with the division of its nucleus into two nuclei and 
the organisation of a cell around each of the two. In general, 
cells which are able to divide are distinguished by the possession 
of rich and dense cytoplasm, and by the small development of 
their vacuoles or sap-containing spaces ; it is only when the 
cell is approaching maturity that a large single central vacuole 
becomes prominent. Some cells undergo very considerable 
changes in size and form before they are fully mature, and, 
once mature, they have generally lost the power to divide any 
more, and become incorporated in some part of the plant 
which is fully organised. 

FINDING OUT HOW FAST A PLANT GROWS 

T here are various methods of measuring the rate at which 
a plant grows. The elongation of stems and of roots can 
be directly measured, and it has been shown that the rate 
at which a whole plant is growing can be very satisfactorily 
determined by periodical measurements of the total area of 
the leaves on the plant. In stems and roots the whole of the 
organ does not elongate, but growth is localised in well- 
demed regions a little behind the tips, and, as the whole 
organ increases in length, the portion that is actually elongat- 
ing keeps at an approximately constant distance behind the tip. 
In roots the elongating region lies between the area covered by 
root hairs and the tip ; it is obvious that root hairs could not 
make and keep contact with soil particles if they were attached 
to a portion of the root which was increasing in length. In 
stems, the elongating region corresponds approximately to the 
portion bearing partly developed leaves. 

In the whole plant, so long as it is not preparing to flower, 
measurements of leaf area show that the rate of growth in- 
creases in the same way as money increases when it is put 
out at compound interest. 
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T hat plants fall naturally into groups of similar kinds 
is a fairly obvious fact. We aU know quite well what 
we mean when we speak of a “ tree/* and do not for 
one moment suppose it to be the same thing as a fern or a 
seaweed. Moreover, if we are interested in such matters, we 
soon learn to distinguish in some detail between the kinds, 
or ** species,** of trees as such, so that we talk of oaks, beeches, 
elms, poplars, pines, and so forth. Also, we go on to trace 
numberless resemblances and differences between the various 
species; as, for example, that the oak casts its leaves at 
the approach of winter, while the pine does not; or, that 
the fruit of the 02k is a nut-like acorn, while that of the 
pine is a scaly cone. In other words^ we find by observation 
that plants may be arranged for purposes of study into larger 
or Slider groups of similar kinds — the members of one ^ch 
group, despite more or less evident divergencies among 
themselves, being liker to one another than to the kinds which 
we place in other groups. Thus we arrive at the notion of 
family relationship among plants. 

THi PROCESS OP EVOLUTION 

T his is really the root idea in the theory of evolution. If 
aU the existing species of plants have ‘^evolved,** as 
Charles Darwin suggested that they have, by a process of 
natural selection from a few primitive types — perhaps even 
from one original, then we should expect to discover some 
evidence of this by comparing the structural peculiarities of 
one plant with those of others, and by noting the changes 
which take place as an individual plant grows from its seed to 
maturity. Geology, too, will be likely to furnish clues to what 
has taken place ; and may perhaps show conclusively, by pro- 
ducing fossils, that plants which according to our theory 
ought to have existed at some period of life’s history did 
actually exist, but have since Income extinct. These, in 
short, were the kinds of investigation, unremittii^ly pursued 
over a long period of years and in many directions, which' 
led Darwin to publish (1859) ^ famous book on The, Origin 
of SpMes. 




IDENTIFYING A TREE BY ITS LEAVES 
The shape, size and colour of the leaves are ready clues 


io THE FAMILIES OF PLANTS 

Prior to this, the classification of plants by botanists had 
been more or less artificial. It is true that the great Swedish 
botanist, Linnaeus, based his system on the ** natural ** affinities 
of plants as revealed by a comparison of their essential — or 
reproductive— organs. But because (to quote his own words) 
Linnaeus believed that ** there are just as many species as in the 
beginning the Infinite Being created,” he had no conception 
that the resemblances which he notfed were not merely coinci- 
dental, but were indications of descent from a common an- 
cestry. The later view was made possible by the work of 
Darwin, and it has enabled modem botanists to realise that the 
ideal aim of classification is to plot out a huge pedigree, or 
“ family tree,” of plant life. 

EVERY WEED HAS ITS RELATIVES t SOME SURPRISING KINSHIPS 

N owadays, therefore, this family relationship of plante 
is given practical expression in books and museums by 
arranging the various species in groups according to their 
true kinship, as far as this is known. “ Kinship ” is not at 
all the same thing as mere superficial similarity. Because 
two people happen to resemble one another in height, weight, 
features and character, it by no means follows that they are 
near relatives. To make this point clear, consider for a moment 
two of our native wild plants, both known popularly by the 
name ” Pennywort,” in reference to the coin-like roundness 
of their leaves. 

The Wall Pennywort grows in dry, sunny situations, more 
especially in the West of England, where it often roots in the 
scanty soil accumulated in the fissures of rocks and stone- 
work. Expert examination of its specific characters, more 
especially diose of its flowers, indicates that its nearest re- 
latives are the Stonecrops and House-leeks, in which family 
— or ” order ” — ^it is accordingly placed. 

The Marsh Pennywort, which creeps among moss and grass 
in marshes and bogs, has almost identical leaves. But the 
structure and arrangement of its tiny flowers (they require a 
close search to be detected) bring to light the surprising fact 
that this modest plant is redly a member of the Unihellifira — 
the clan which comprises the stately Hemlocks and the Hog- 
weeds, to say nothing of numerous species useful to man, of 
which the Carrot, tbe Celery, and the Caraway are three 
examples. 
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THE CLUBS TO A PLANT*S IDENTITY 

A BRIEF survey of the more important families of plants is 
all that can be given here ; but if the reader bears in 
mind this underlying fact of real relationship, as distinct from 
mere “ appearances (which are proverbially deceptive), he 
will not fail to grasp the principle from which the modem 
systematic botanist takes his cue. The relative complexity of 
structure in the plant-body, and the character of the repro- 
ductive organs — these are the points to which attention must 
chiefly be directed. 

Starting, then, with a general survey, we find that living 
plants may be separated into five main groups or divisions, viz.: 

(i) Plants known collectively as “ Algae,” many of them 
minute and single-celled, but comprising also the larger 
“ seaweeds ; ” fungi of all sorts, including the growths called 
“ moulds.” (Thallophyta.) 

(2) Liverworts and mosses. (Bryophyta.) 

(3) Club-mosses, horse-tails and ferns. (Pteridoph5rta,) 

(4) Coniferous trees and their allies. (Gymnospermae.) 

(5) Plants which in general bear conspicuous ” flowers,” 
i.e. groups of ” male ” and ” female ” reproductive organs, 
often surrounded by a whorl or whorls of gaily coloured 
petals, and perhaps associated with nectar-secreting glands. 
(Angiospermae.) 

The scientific names of these divisions are given in brackets, 
so that the reader may ignore or memorise them at discretion. 
Their chief importance consists in the fact that they are port- 
manteau words which compress into small compass infor- 
mation concerning some outstanding characteristic common 
to members of the particular group. Thus, the ” Thallophyta ” 
are so called because the individual plant, when many-celled, 
is what botanists term a ” thallus,” that is, a simple vegetative 
body without clearly distinguishable organs^ such as stems 
and leaves. 


THE ROOT-STOCK OF PLANT PEDIGREE 

I T must be admitted, however, that this first division of the 
vegetable kingdom is a somewhat mixed assemblage. 
It includes, for example, the organisms generally spoken of 
as ” bacteria ” and ” slime-fungi,” concerning whose true 
status so much doubt exists that competent authorities still 
question whether they are really plants at all, or even lowly 
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SIMPLE SPORE. 

F15SIOK FORMATION 


THE TWO WAYS IN WHICH BACTERIA MULTIPLY 

In favourable circumstances y bacteria reproduce simply by 
splitting in two. When this is impracticable y however y they 
sometimes multiply by shedding spores which have developed 
within the parent organism, 

animals, but perhaps only ** living things.” Be thb as it may 
they undoubtedly differ widely in many respects from aU 
other known plants. 

The bacteria are microscopically small, single-celled 
creatures which, in favourable circumstances, increase rapidly 
by splitting or “ fission.” Some live in the soil, where they 
often play an important part in preparing food-material for 
the higher plants. They convert, for instance, nitrogenous 
substances into* forms which can be readily assimilated by 
green vegetation. Certain flowering plants, notably those of 
the pea-and-bean family, have entered into a kind of partner- 
ship with those species of soil-frequenting bacteria which are 
especially serviceable to them in this respect, and not only 
tolerate thriving colonies of these minute purveyors (“ nitrogen- 
fixers,*' as they are called) in close association with their roots, 
but may fail to flourish in their absence. 

Other bacteria live in the tissues of higher organisms, both 
plants and animals, sometimes harmlessly — or even helpfully 
-^-«s in the case of tlMiBe which normally inhabit the food- 
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canal of the healthy human body; but often injuriously, 
since specific forms of bacteria are known to be ^e active 
agents in many infectious diseases, including cholera, diph- 
theria and typhoid. 

In unfavourable circumstances, when their usual mode of 
reproduction by fission becomes impracticable, bacteria adopt 
the method of spore-formation. A “ spore ** is the technical 
name for a single cell capable of giving rise without any 
sexual process to a new individual. Spores lie dormant for 
a longer or shorter period until the conditions essential for 
active life again present themselves. 

MASSES OF SLIME THAT CREEP FOR FOOD 

T his simple method of propagation also characterises 
the Slime-fungi — the spore-containing capsules, or 
** sporangia,** of one species, commonly found among the 
refuse of tanneries, being the so-called “ flowets of tan.** 
The capsules of other species occur on dead twigs and decay- 
ing leaves in woods, and are rather attractive objects when 
viewed through a pocket lens. Not so the Slime- fungus in 
its active state, for it has much in common with certain lowly 
animals. Generally speaking, it is an almost formless mass of 
slimy protoplasm, devoid of definite cell-structure or special 
tissues ; but there are numerous small cavities, or “ vacuoles,** 
in the living jelly, some of which contain water or gas, others 
food-material in process of digestion. 

Perhaps the most curious point about this organism is 
that it travels by a spontaneous movement, and thus brings 
itself into contact with the food-substances on which it lives. 
To quote Wells and Huxley, “ It will turn aside from its 
course to flow over an attractive lump of food. In most cases 
only dead and decaying things are taken into its shapeless 
interior to be digested, but there are species which feed on 
living vegetable prey — on fungi, for example.** 


THE CAUSE OF ••CLUE-ROOT* 


T he extremely infections disease called by farmers and 
gardeners ** club-root ** or finger-and-toe **— it attacks 
plants of the cabbage family — ^is caused by a minute slime- 
ningns which is of microscopic size. Some innocuous kinds 
of sTipie fungi, however, grow to be conspicuous masses, such 
as those which may be found in die cavities of rotting logs, 
or on heaps of decaying matter in damp surroundings. 



THE FAMILIES OF PLANTS 


SO 

PLANTS WITHOUT SEEDS 

T urning, now, to living things which arc unqucsnonaoiy 
“ plants in the strict sense of the word, we find first 
two large groups of relatively simple kinds called ** Algse ” 
and “ Fungi/* The former group includes all the marine 
seaweeds, a host of their freshwater relatives, and very 
numerous single-celled plants. Some of the latter, called 
Diatoms, are enclosed m minute flinty shells, exquisitely 
sculptur^, and consisting of two parts, or valves. But a greater 
number lack these protective coverings, and dwell together 
in colonies of innumerable individual spread out in close 
contact as greenish or yellowish films on the surfaces of rocks, 
tree-trunks or undisturbed soil. 

The large, many-ccllcd Alg® appear to owe their origin to 
an extension of this communal mode of life. . For we may 
suppose that the individual cells, instead of separating com- 
pletely after fission, tended more and more to retain physical 
contact with one another, thus forming threads or thin 
plates of cells whose needs and normal habitat were identical. 
By an extension of this process such aggregates of cells would 
be likely to increase in size as time went on, and to arrive 
at some simple specialisation, or division of labour, among 
the various groups of cells forming the mass. Thus, although 
seaweeds cannot be said to possess truly functional roots, 
stems or leaves, many of them seem to have taken the first 
step or two along the road which leads to the development 
of such organs. 

All Algae are self-supporting. That is to say, their substance 
contains chlorophyll, which enables them — like most of the 
higher plants — to build up food for their own use from 
materiak present in their surroundings.^ Algae are grouped 
by bot^sts into four classes, more or less according to their 
typical'colouring, that is, (i) blue-green, (z) green, (3) brown, 
and (4) red. 

In members of the first group, many of which are incon- 
spicuous, gi^n chlorophyll is replaced by blue-green. The 
individual cells often occur in colonies, or loosely united as 
filaments, which in their turn may be matted or interwoven. 
One umple kind forms patches of scum on the moist window- 
panes of hot-houses ; while another, somewhat more complex, 

^ For an account of how this it done, see pp. 35~39. 
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is apt to appear suddenly as gelatinous masses on footpaths 
after rain. Before the rain it lay dormant, and quite invisible to 
the naked eye, among the particles of the surface soil. 

The majority of die green Algae are also unicellular or 
small, but include a few large kinds, of which the Sea Lettuces 
are probably the most familiar. These share with some of 
the red seaweeds the name of “ Laver.** In some districts, 
Laver is esteemed a table delicacy, more especially as a sauce 
to be eaten with roast mutton. But it is a fact that most 
strangers who have been induced to sample this alleged 
dainty regard the taste for it as an acquired one I 

HOW SEAWEEDS PROTECT THEMSELVES PROM THE LIGHT 

M ost of . the large seaweeds which we see growing on 
rocks or washed up on the shore after a storm belong 
to the brown and red classes. Their visible colouring seems 
to serve as a filter which stops out certain light-rays likely to 
injure the green colouring matter — in much the same way as 
a photographer protects his sensitised plates, or a druggist 
his delicate chemicals, by means of deeply tinted glass. This 
is a legitimate inference because, if we soak these seaweeds 
in warm fresh water, their red or brown pigment is found to 
“ run,** and eventually dissolves out completely, leaving the 
plant-body ** leaf green ** in colour. 

Algae most commonly propagate themselves either by simple 
fission, or by the production of spores — ^from which, as we 
have seen, the new generation arises by direct growth when 
the spore-walls split open. But in many instances we find 
that a system has been developed which may quite properly 
be called “ sexual,** even when — as often happens — the two 
kinds of organs concerned occur on one and the same individual 
plant. Briefly, the products of these special organs, which 
we may call “ male ** and “ female ** respectively, are minute 
unicellular bodies, differing in constitution and function. 
“ Fertilisation ** is said to take place when a pair of these 
— one of each kind — comes into contact and unites to form 
what is known as an ovum, or fertilised egg-cell, from which 
in due course a new individual of the particular species takes 
its origin. This t5rpe of propagation is in vogue among the 
brown “ wrack ** weeds which often thickly drape the tidal 
rocks of our coasts. It is not difflcult to locate the reproductive 
organs, which should be looked for at the tips of the branching 
fronds during the summer and autumn months ; but the 
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actual process can only be watched through a high-power 
microscope. 

HOW FUNGI FORAGE FOR THEIR RATIONS 

S EXUAL methods of propagation are also found among the 
fiingi, including some of £e simple types called ** mouMs ; ” 
but practically ^1 the larger kinds — known popularly as 
Mushrooms, Toadstools and Puffbalb — rely wholly upon 
the production of spores, which they often scatter abroad 
in prodigious numbers. Indeed, a mushroom or a toadstool 
is the special spore-producing outgrowth of a vegetative 
plant-body which consists merely of branching threads, or 
“hyphae,** and whose life is passed burrowing in earth, 
decaying wood, or some other substance from \^ch it can 
obtain food. 

Fungi differ chiefly from their relatives the algss in being 
destitute of chlorophyll. Hence, they cannot make food- 
materials for themselves,^ but must needs forage for their 
rations. Many species subsist on decaying organic matter of 
all sorts, including the humus of the soil ; but not a few 
hare become actively parasitic — ^that is, they attack the living 
tissues of other plants, and even of animals. 

Among the parasitic fungi is the curious ** Caterpillar 
Fungus,” whose red, club-shaped ” toadstool ” not in- 
frequently springs up in garden beds during the autumn. 
Careful examination of the soil beneath invariably brings to 
light the mortal remains of some grub or pupa which the fungus 
has done to death ! 

From the economic standpoint this particular species may 
be counted as beneficial, since it destroys numerous insects 
wfaiph' we call pests.” But many fungi work incalculable 
injury to man’s interests by destrojring forest trees, crops of 
many kinds, and even (in ^e case of ** dry rot ”) the timber 
used in the construction of houses. 

TWO PLANTS IN PARTNERSHIP: THE UCHEN’S ODD LIFE-STORY 

nsFORE leaving this Thallophyte division of plants, some 
JDmention must be made of the group called Lichens.” 
These are usually very moss-like in appearance, but in point 
of fact are composite organisms, made up of the matted 
strands of a fungus among which colonies of single-celled 
aig» are imprisoned. Exactly how this strange combination' 
originated is one of Nature’s secrets. It is fairly certain, 

* Sec paaes 35’39» 
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however, that both parties derive benefits from the union, 
for scientists have discovered that the algae share with the 
fimgus the food products which — thanks to their chlorophyll 
— they are able to fabricate from the raw chemical constitu* 
ents of their surroundings, while the fungus, for its part, 
collects and conserves the moisture (containing dissolved 
, mineral salts) without which the algae could not carry on their 
work. By these means lichens are able to flourish in situations — 
for instance, the sun-baked surfaces of granite rocks — where 
neither of the partners could possibly thrive independently. 

In the matter of propagation, the fungus element seems 
always to play the leading part. The methods vary ; but in 
many instances minute spore-like bodies are produced which 
may be seen under the microscope to consist of several algae 
wrapped round with a strand of detached fungus thread. 
When these are carried by the wind to suitable situations, 
growth commences, and in process of time new lichen plants 
are formed. 

THE CASE OP THE CORD MOSS 

B ryophyta — otherwise the Liverworts and Mosses — ^are 
simple in structure, though less “ all-of-a-piece than the 
Algae and Fungi ; for we can often distinguish parts which 
resemble superficially the leaves, roots and branches of the 
higher plants. Their most important characteristic, however, 
is that their life-history always proceeds through two distinct, 
alternating stages, each culminating in the formation of repro- 
ductive cells, either spores or ova, as the case may be. 

Suppose, for example, we start with the minute spores of 
the Common Cord Moss which often forms large patch^ on 
walls and rocks, as well as on open ground, especially where 
forest or heath fires have occurred. In propitious circum- 
stances these spores germinate, and develop eventually into 
little green plants bearing numerous tiny leaflets arranged 
spirally round a short stem fixed to the soil at its base by root- 
lUce filaments. After a period of vegetative growth, sexual 
organs appear at the tip of the shoot, and may be either 
male ” or “ female,*’ since the two kinds are produced by 
separate plants. 

Of the egg-cells bom by a “ female ” plant, one at le^t is 
likely to be fertilised by a “ male ” or sperm-cell, which — 
when a film of moisture covers the moss colony and the 
surrounding soil — swims through this to its objective from 
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a neighbouring “ male ** plant. Now this fertilised egg-cell 
does not develop directly, aa we might expect, into a new 
moss-plant, but growing upward becomes a spore-capsule 
of complex structure attached by a long stalk to its parent, 
from which it draws its nourishment. It is from the spores so 
produced — ^not from the fertilised egg-ceUs as such — that new 
moss-plants subsequently grow. 

The sexual and spore-bearing organs vary a good deal in 
appearance among the different species of Liverworts and 
Mosses, but the same cycle of alternating generations can 
always be traced. We may express it in the following short 
formula : 

Spores — ► “ male ” and “ female ” green plants — ► 
fertilised egg-cells — ► non-green spore-developing bodies 
which are short-lived, being normally parasitic upon their 
parents — ^ spores ; and so on through successive cycles. 
Certain Liverworts, including a species common in gardens 
and greenhouses, supplement this method by separating off 
from their substance minute bodies called “ gemmae.** These 
arc matured in tiny bird*s-nest-like cups with frilled edges 
sunk in the frond or “ thallus ** of the parent plant. When 
ripe, they are washed out by rain, and soon grow into new 
individu^. 


THE Lire-STORY OP A PERN 

I F, as seems probable, Liverworts and Mosses were evolved 
from Algae which in the remote past took to living in fairly 
dry situations, this is almost certainly true of the Ferns and 
their near relations, the Horse-tails and Club-mosses. These 
three types, while differing considerably among themselves 
in appearance and habits, agree suf&ciently in essentials to 
be classed together as a third main division of plant life — ^thc 
Pteridophytes. In particular, the egg-cell, after fertilisation, 
develops into sometlung quite different from the spore-bearing 
generation of a Moss ; for it gives rise to a conspicuous 
plant-body, having leafy fronds or shoots which, as they contain 
chlorophyll, are capable of self-maintenance. This point will 
be made clear if we consider for a moment the life-story of a 
common Fern, such as the Hart’s-tongue or the Bracken. 

The word ** ferns,” as popularly used, refers simply to the . 
famiUkr spore-hearing pl^ts, which have fronds, roots and 
stems. Being entirely self-supporting, they may continue to 
flourish for many years ; whereas the corresponding stage in 
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. THE LIFE-CYCLE OF A TRUE FERN 
The spores which grow in sacs on the underside of the fern 
frond may each develop into a small green prothallus, bearing 
egg-cells on its revise side, A fertilised egg-cell gives rise to 
a young fern which will eventually again produce spores ; the 
prothallus itself disappears. 


a Moss’s life-cycle is nourished by its parent, and quickly 
withers away after its crop of spores has been matured *and 
scattered. The Fern plant, on the contrary, continues to 
produce spores each year, as long as it lives, in little cases 
which appear as brown groups or clusters on the reverse sides 
of the fronds. When the spores fall on damp spots and ger- 
minate, they grow into small, green, plate-like bodies, usually 
heart-shaped in outline, known as ‘‘ prothalli,” on the under- 
side of which the sexual organs develop. 

The process of fertilisation, similar to that already described 
in the case of the Moss, appears to be somewhat uncertain 
in operation ; for although numerous egg-cells are produced 
by a prothallus, the latter rarely gives rise to more than one 
voting Fern. This is at first a delicate little thing with a tiny 
leaf and an embryo root ; but it gradually increases in size 
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and strength, developing the specific features of its parent 
stock, and eventually producing annual crops of spores. 

Thus, for comparison with our Liverwort and Moss formula 
set out above, we get the following : 

Spores — ► insignificant bi-sexual green plants of very 

simple structure ► fertilised egg-cells ► spore-bearing 

green plants of large size and complex structiue continuing 
to grow for many years — ► spores. 

The life-story of a Horsetail resembles that of a Fern, save 
that the two lands of sex-organs ^re produced by separate 
prothalli (of which the “ males ” are the smaller), while the 
spore-cases are carried on upstanding club-shaped shoots, 
instead of on the backs of the fronds. Among the Club- 
mosses, however, we find that a kind of telescoping of the 
process has been effected, together with a pushing back (so 
to say) of the sex principle to the spores, which are of two 
kinds, matured in separate chambers and distinguishable as 
“ small ** and “ large.** Also, the prothallus is rudimentary, 
and is developed by spore-germination inside the chamber; 
so that it seems to be omitted from the life-cycle altogether. 

If these details had not been established by careful research, 
we might have jumped to the conclusion that the Clul^-moss 
propagates itself by means of seeds, like the higher plants. 
In point of fact, it comes very near to doing this. But tech- 
nically speaking a ** seed ** is a complex body, not set free 
from the parent organism until the fertilised egg-cell from 
which it takes its origin has undergone considerable develop- 
ment, resulting in the formation of an embryo, or baby plant. 
In the case of the Club-moss this development has not yet 
taken place when the apparent seed ** is cast adrift. 

SEED-BEARING PLANTS 

T he true seed-bearing plants are all comprised in the two 
divisions Gymnospermse and Angiospermse, to which we 
must now direct our attention. Together, these two groups 
are often referred to as “ Flowering Plants.** In botanical 
language, a ** flower ” is a special kind of aerial shoot serving 
ultimately for the production of seeds. The part of the stem 
on which the flower is borne is Tmown aS the “ receptacle,** 
while the various parts of the flower itself are regarded as 
modified leaves. In such a flower as a buttercup, the “ male '* 
and ** female "** oigans are called “ stamens ” and carpels ** 
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Petals 



THE PARTS OF A "PERFECT” FLOWER 

A buttercup flower is here cut open to show how its parts are 
arranged. A buttercup is called a “ perfect ” flower because 
it has both stamens and carpels (male and female organs) and 
can therefore fertilise itself. 

respectively. A carpel may be thought of as a leaf folded 
upon itself and joined at the edges, thus forming a chamber 
or vessel enclosing the egg-cell, or egg-cells, as the case 
Ip P®*^> which is frequently a sticky knob, 

is the “ stigma ” to which pollen-grains adhere, and from 
which, after germinating, they grow downwards as " pollen- 
tubes ” into the egg-chamber to fertilise its contents. The 
grouped carpels of a single flower, especially if they are 
closely united, are often spoken of as its “ pistil.” Each of 
the male organs, or stamens, consists typically of two parts ! 
(i) a stalk or filament which bears aloft, (2) paired pollen-sacs, 
or ** anthers/' 

Outside these two groups of “ essential organs " there is 
commonly an arrangement of “ petals ", often gaily coloured 
and attractive to insects which render an important service as 
pollen-conveyers when they fly from one blossom to another. 
Together, the petals constitute the “ corolla," within which, 
in many kinds of flowers, may be found honey-secreting 
glands, or nectaries," whose presence makes the visits of 
insects " worth while," even wl^ diey can make no use of 
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the pollen itself as food. Finally, the outermost whorl of 
floral leaves, called “ sepals/’ serve as the “ calyx,” whose 
normal function is to protect all the other members of the 
shoot while they ar^ still folded together and in process of 
development as a “ bud.” 

** CONES'* THAT ARE REALLY « FLOWERS** 

I N flowering plants an alternation of spore-bearing and sexual 
generations can still be traced, but only by means of the 
microscope ; for the whole process is disguised, so to speak, 
under the apparently straightforward methods of pollination 
and seed-production. For our present purpose we need only 
note that the vegetative, leaf-bearing body of a flowering plant 
represents the spore-producing generation, of which the Fern 
as such was our outstanding example. It is the sexual genera- 
tion, typified by the prothallus from which the Fern took its 
origin, that has disappeared from view. 

Not all flowers have the elaborate structure described above. 
Indeed, the name Gymnospermae ” refers to the fact that 
in members of this division the seeds are ” naked : ” i.e. 
the seed-producing leaf, or carpel, is not folded together to 
form a chamber or “ pod,” but bears the essentid organs 
openly on its concave inner face. The young cones of Pines 
and Larches are really collections of such simple flowers ; 
and if we tear apart some of the overlapping scales, we shall 
see the carpels with their immature seeds or ” ovules.” Pollen, 
which is produced in great abundance in the anthers of 
small stamens arranged in dense clusters on neighbouring 
shoots, is blown by the wind in dry weather into the crevices 
between the cone-scales, and in this way fertilisation is 
effected. 

Even in the great Angiosperm division, which — coniferous 
trec9 apart — comprises nearly all the conspicuous plants of 
our countryside, the flower is often very simple. Take, for 
instance, the Goat Willow — ^widely known as ” Palm.” Here, 
the female flower consists of a single carpel mounted on a 
tiny bract-like leaf in association with a little nettary or 
“ honey-pot ; ” the male flower is just a pair of stamens, 
also with a honey-pot for the delectation of insect visitors. 
The two kinds of flowers are massed together in groujps — 
often called ” catkins,” and are borne on separate trees, so 
that ” self-pollination ” is out of the question. But bees are 
attracted by the scent of the nectar, and keep up a constant 
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traffic from one tree to another, with the result that the 
female Goat Willows never fail to niature large crops of 
fluffy seeds. 

THE BARGAIN BETWEEN INSECT AND FLOWER 

M any trees and plants whose flowers are inconspicuous 
and lack nectar — e.g. the Hazel, the Oak and the Stinging 
Nettle — ^must rely upon the wind to secure the transfer of 
pollen from the anthers of their stamens to the stigmas of 
their carpels. But in the case of showy and sweet-scented 
flowers we may conclude that insects of one sort or another 
act as the emissaries of Cupid. Insect-fertilised flowers produce 
less pollen than those which rely upon the wind as their 
carrying agent, while the individual grains, instead of being 
dry and dust-like, are usually adhesive, so that they attach 
themselves readily to an insect’s proboscis, or to the hairs of 
its body and legs. The arrangement of a given flower’s parts 
will naturally be found to correspond with the structure and 
habits of the particular kinds of insect whose visits are specially 
catered for. Hence, we find a great variety of floral mechanisms, 
all directed to this one end of pollination, with its sequel, the 
production of seeds. 

Botanists recognise two chief subdivisions of Angiosperm 
plants, in one of which the embryo starts with a single seed- 
leaf, while in the other it has two. The first subdivision 
includes the grasses, cereals, rushes, lilies, irises, orchids, and 
so forth — plants which in general have radiating or parallel 
leaf-veins, and the parts of whose flowers are nearly always 
arranged in threes. In the other subdivision, which, excepting 
the cone-bearers, comprises practically all the trees, shrubs 
and herbs of the whole world, the leaves are net-veined, while 
the floral parts are commonly grouped either in fours or 
fives. 

A few examples will help us to grasp how closely the fertility 
of a flower is bound up with its structure and mechanism. 
We should bear in mind that in each instance “ cross-pol- 
lination ” — i.e. the transfer of pollen from one bloom to another 
— ^is the chief end in view : “ self-pollination,” when the pistil 
of a flower is dusted with the product of its own anthers, 
usually eventuates only as a last resort. Suppose we take as 
our t^es the following: Perennial Rye Grass, Yellow Iris, 
Purple Orchis, Wild Arum, Dog Rose, Bird’s-foot Trefoil, 
Primrose, Foxglove, Dead Nettle, Hogweed and Daisy. 
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THE INDEPENDENCE OP THE ^TINKER-TAILOII” GRASS 

O F this varied selection, only the Rye Grass can dispense 
vdth the service of insects if cross-pollination is to be 
achieved. It is a common, wa3rside species, and may be 
recognised by its flattened “ spikelets,"* from eight to twenty 
of which are carried by each main stem. Children call it 
“ Tinker-Tailor Grass.” Each spikelet contains eight or ten 
simple flowers, which are completely hidden from view until 
the time of blossoming, which is usually on a warm, sunny 
day. 

There are three stamens with large anthers which dangle 
freely from the spikelet on delicate filaments. The pistil, 
which stands in the centre of the flower, consists of a pear- 
shaped ovary, bearing a pair of delicate, feathery stigmas 
at its upper end, while at its base there are two small processes 
known as “ lodicules.” The latter, by swelling up when the 
time for blossoming arrives, force apart the chaffy bracts 
which envelop the flower, and thus allow the stamens and 
stigmas to expand. These details can easily be made out by 
using a pocket-lens. 

The dry, powdery pollen which escapes from the anthers 
is caught up by the passing breeze and carried hither and 
thither. Much of it is wasted ; but some reaches the plume- 
like stigmas of other Rye Grass flowers, thus effecting their 
cross-pollination and enabling them to set good seed. 

SWEET GIFTS WITH A PURPOSE: THE IRIS AND THE HUMBLE-BEE 

N ow compare these floral arrangements, common to most 
grasses, with those of the Yellow Iris or Flag, which 
depends mainly on humble-bees as its pollen-carriers. Two 
sets of petal-like leaves can be distinguished, the three outer 
ones being large and down-curved, the three inner narrow 
and erect. All six are joined together at their bases to form a 
short tubular region whose inner surface secretes nectar. If 
an actual flower is examined, the Iris is seen to offer three 
separate lines of approach to its store of sweetness, to which 
the bee gains access by forcing its head and shoulders into a 
kind^ of tunnel, roofed over by a pair of essential organs 
In doing this, the insect’s back comes into contact first with 
the stigma, then with the anthers of the stamen. Assuming 
that it has come from a nearby Iris, it will cross-pollinate the 
one which now ei^ges its attention ; and from this, in its 
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turn, pollen is likely to be carried by the industrious insect 
to the next flower on its visiting list. 

If you watch insects, especially bees, at work in a garden 
on a sunny morning, you will notice that they have formed 
the habit of flying rapidly from one bloom to another of the 
same kind. A humble-bee, for example, which has been 
busy with the snapdragons does not break off suddenly to 
pay calls on the delphiniums. Colour seems to be their chief 
guide. This is fortunate from the standpoint of the flowers, 
whose egg-cells need to be fertilised by pollen matured in 
the anthers of their own species. Alien pollen has no power 
to set in msotion the delicately adjusted machinery which 
results in seed-production. 

If the adaptation of the Iris to the requirements of its bee- 
visitors is remarkable, that of the Early Purple Orchis is 
even more so. Here, the various parts of the flower are so 
much modified and twisted as to be hardly recognisable at 
first glance. Of the six petal-like leaves, no less than five 
are grouped together to form a kind of hood over the essential 
organs, while the sixth is expanded below into a sort of lip, 
or “ labellum,** which serves as an alighting place for insects. 
This labellum also extends backwards as a hollow spur, 
within which the nectar is secreted and stored. When we 
discover that the stigmatic lobes, connected with the ovary, 
are located just inside the opening of this spur, we realise 
that the bee cannot help touching them when it comes to the 
flower to gather honey. 

To make assurance doubly sure, the Orchis also dispenses 
its pollen in a highly novel and ingenious manner. We may 
say that it has reduced its stamens to one, while the pollen 
is made up into two convenient massed, connected by tapering 
stalks with round, sticky discs. The latter lie loosely in a cup- 
shaped container, called the “ rostellum,'^ placed just in front 
of, and a little above, the stigmatic lobes. You will grasp these 
details most readily if you open your mouth before a mirror 
and examine the entrance to your own throat. The tonsils 
on either side represent the stigmatic lobes of the flower, 
while the pendent uvula in the middle line takes the place of 
the rostellum and its pollen masses. 

When a bee alights upon the labellum, and inserts its pro- 
boscis into the throat of the flower in search of nectar, its 
head comes into contact with the rostellum, and it flies away 
with the sticky discs of the poUinia leering to its forehead. 
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like a pair of horns. As the bee travels through the air, the 
discs contract unequally in drying, with the result that the 
pollinia bend forward and at the same time diverge slightly 
from one another. Thus, when their carrier arrives at another 
orchid the pollen-masses are in exactly the right position to 
strike against its stigmatic lobes, and so to effect cross- 
pollination. 

THE CUCKOO.FINT*S TRAP FOR UNWARY VISITORS 

T he Wild Arum, known to country-bred children as 
“ Lords-and-Ladies ” or “ Cuckoo-pint,** introduces us 
to a kind of bloom, or inflorescence, which is also a trap. 
Superficially, it consists of a centrd club-like “ spadix ** 
enveloped by a large, leaf-like bract, or “ spathe.** If we tear 
open the spathe, we disclose the “ lords-and-ladies ** clustered 
round the lower part of the spadix. These are really the 
Arum *8 simple flowers. Checking them off from above down- 
wards, we find (i) abortive, hair-like flowers not directly 
connected with reproduction, (2) four-lobed anthers, or male 
flowers, and (3) female or seed-producing flowers, each with a 
single pistil. 

Insects, especially tiny midges, are attracted by the purple 
club of the spadix and its carrion-like odour. They creep 
down into the chambered part of the spathe, where the flowers 
are — ^the hair-like ones allowing them to creep in, but pre- 
venting their return. The female flowers mature first, and 
are thus ready to receive any pollen that the midges bring with 
them from another Arum. Later, the anthers of the male 
flowers mature, and scatter their pollen over the prisoners. 
In the end, the abortive hair-like flowers shrivel up, thus 
allowing the captives to make good their escape ; but not 
before they have been pressed into the service of the plant 
as carriers of its pollen to other blooms of the species. 

In the Dog Rose we have a fairly simple flower of the 
five-petal type, not unlike the buttercup in its general arrange- 
ment. Inside the circle of stamens there is a swollen rim 
which looks like a nectary, though it secretes little if any nectar. 
The flower, however, is visited by many insects — chiefly bees, 
beetles and flies — ^which come to collect or feed on the pollen. 
The bees, of course, carry their spoils home to their hives or 
nests, whereas the i^es and beetles eat it on the spot. The 
stamens and stigmas mature at the same time, so that either 
self- or cross-pollination may result from these activities. 
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Since, however, the centre of the flower, with its group of 
closely set stigmas, is the most convenient alighting place, an 
insect dusted with pollen brought from another rose is likely 
to effect cross-pollination at its first arrival. 

HOW THE PEAS AND BEANS PUMP OUT THE POLLEN 

I N flowers of the great pea-and-bean family, the five-petal 
arrangement — exemplified in its simplest form by the Dog 
Rose and the Buttercup — is not obvious, at first glance. The 
largest of the petals is called the “ standard,** and stands 
erect as a kind of background. Below, and on each side of 
this, are two smaller petals known as the “ wings,** between 
which is the “ keel.** The latter is composed of the two 
remaining petals, united to form a tapering, bag-like structure, 
with a small opening at its tip. This general description 
will be found to apply to the flowers of the Sweet Pea, the 
Broom, the Bird*s-foot Trefoil, and many allied plants. 

The essential organs are completely enclosed by the keel, 
which serves also as an alighting place for bees. Also, the 
ripe pollen is discharged by the anthers into the keel, and kept 
there in reserve, until a bee comes to probe for nectar through 
openings at the keePs base. When this happens, the insect*s 
weight forces the keel downwards in such a way that the 
stamens within literally pump out some of the pollen from 
the tip, thus applying it to the underside of the insect*s body. 
The stigma (which in this instance is receptive only when 
it is rubbed) is also forced out, and will thus receive any 
pollen which the bee may have brought from another flower. 

The Primrose illustrates a method by which self-pollination, 
if not entirely eliminated, is rendered unlikely. If a number of 
Primrose plants are examined, it will be found that the flowers 
are not always quite alike. There are two forms, in one of 
which — known, popularly as “ thrum-eyed ** — the pistil has a 
short style or stalk connecting it with the ovary, while the 
stamens are situated at the mouth of the corolla tube. In 
the other form, called “ pin-eyed,*’ the style is long, and its 
globular stigma almost fills the entrance of the tube, while 
file anthers are low down — ^being on about the same level 
as the stigma in the corresponding “ thrum-eyed ** flower. 

Long-tongued flies, and occasionally bees, visit Primroses 
in search of their nectar, which is secreted low down at the 
base of the tube. When an insect probes a long-styled flower, 
its proboscis is dusted with pollen at a point which, if it 
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“THRUM-EYED” AND “PIN-EYED” 

A diagrammatic section showing that the “ thnm-eyed ” 
primrose (left) has a short style while the anthers can he seen 
at the mouth of the corolla tubCf whereas in the “ pin-eyed ” 
primrose (right)^ the anthers are low down in the corolla tube 
and the long style supports the stigma which almost fills the 
entrance to it, 

subsequently visits a short-styled flower, is brought into 
contact with its stigma ; and vice versa. As the contrivance 
is not absolutely fool-proof, Primroses are sometimes self- 
fertilised. But experiment hi shown that the best production 
of seed results from cross-pollination ; and this can only be 
secured by a transfer of pollen from one type of flower to the 
other by the method that has been described. 

FOXGLOVE AND DEAD NETTLE EECEIVE THE HUMSLE-BEB 

T he Foxglove and the White Dead Nettle, while differing 
in many respects, both have their five petals completely 
united to form a tubular corolla. In the former, this is 
bell-shaped, inclined downwards, and has a projecting lower 
lip for the ocmvenience of humble-bees, which are its chief 
visitors* The essential organs are pressed against the roof 
of the tube within, so that while they do not hamper the 
entrance of the insect , they are certain to rub against its l^ry 
back when it is probing ^or nectar at the far end. As 
andiers mature before tm stigma, there is a good chance 
that cross-pollination will be effected. Should this flul to 
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occur, however, the flower's own pollen is generally applied 
to its stigma at the time when the wilting corolla fdls to the 
ground. Pollination by one means or another is thus practically 
certain ; which explains the fact that almost every flower 
of the Foxglove's long spike manages to set abundant seed, 
even in loc^ities where humble-bees are scarce. 

In the case of the White Dead Nettle — also a humble-bee 
flower — the tubular corolla stands erect, and, besides a lip, 
is furnished with a hood for the protection of the essential 
organs. When the bee alights on the lip, and thrusts its'head 
and shoulders into the tube to reach the nectar, its back rubs 
first against the stigma, which thus receives any pollen brought 
from a neighbouring flower. A fraction of a second later 
it takes up a fresh supply of pollen from the anthers, which 
will be carried to the next flower visited. Since the White 
Dead Nettle's stigma is receptive at the same time that the 
pollen is being shed, self-pollination may readily occur through 
the agency of insects. But because the flowers are frequently 
visited, and the bees pass rapidly from one to another, there 
is at least an even chance that cross-pollination will be effected. 

In the case of the Salvia, the Dead Nettle's near relative, 
the risk of self-pollination is negligible. . The stamens are 
hinged, and the visiting bee forces th^m to bend down until 
the anthers come into contact with its back. This happens 
when the flower first opens. In older flowers that have matured 
and shed their pollen, the style of the pistil lengthens and 
bends down, so that the stigma grazes the bee's back at the 
exact spot touched by the anthers of a younger flower. 


TINY FLOWERS WHICH COHBINE TO ATTRACT 

M any plants produce small, or even diminutive, flowers 
which are nevertheless conspicuous because they are 
massed together in large numbers. The Hog-weed, or Cow- 
ps^snip, is an example. Its individual flower consists of five 
mnute sepals, alternating with which are five petals differing 
in size — especially in the outermost flowers of the group, or 
“ umbel," where one petal of each is much larger than the 
other four. The pistil consists of two united carpels, while the 
five stamens shed their pollen before the stigmas are ripe. 
Each flower is furnished with a nectar-secreting disc, easily 
accessible to the short-tongued insects, such as flies and beeffes, 
which are frequent visitors to the umbels of the Hogweed 
and its relatives. 

S.L.T. 


c 
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A composite flozver of the Daisy type cut open to show how the 
inner and the outer flowers are arranged. 


The great Daisy* family introduces us to another type of 
co-operative arrangement. Here, the inflorescence—- called a 
“ capitulum ” — consists of very numerous small florets so 
closely associated that the appearance of a single bloom is 
produced. The common Daisy is a familiar example. Each 
of the tiny disc-florets is a perfect flower, with a tubular corolla 
which is often more than half filled with nectar. Also, the 
five anthers are imited by their edges to form a tube, within 
which the pollen is shed, and from Which it is gradually pushed 
out by the developing pistil, whose action resembles that of 
the piston of a syringe. Eventually, the stigma-lobes — arising 
clear of the pollen produced by their own flower — gape apart, 
thus exposing their receptive inner surfaces for pollination 
by insects coming from other blooms. But as the disc-florets 
open in succeeding ranks from outside inwards, cross- 
pollination of two degrees is possible : viz, (i) between two 
florets of the same capitulum, and (2) between florets '^of 
distinct Daisies. 



PLANT LIFE FROM THE 
DAWN OF TIME 


T he age of the earth, according to the most probable 
astronomical estimate, is in the neighbourhood of two 
thousand million years. Geological time, as measured 
by the evidence from radio-active minerals in the rocks, 
extends back some fifteen hundred million years, and the 
first unequivocal fossils are considerably more than five 
hundred million years old. Man, as such, cannot have been 
on the globe for more than a few million years — ^the last few 
moments of a long pageant. It is essential, when picturing 
the plant life of ^e past, to bear in mind this background 
of Time. 

In order to follow the story of fossil plants it is necessary 
to be familiar with terms like “ Devonian ** and “ Jurassic,** 
but it is well to remember that the divisions of the stratified 
rocks have been based in the main on the successive faunas 
of marine animals ; had fossil plants been used for dividing 
up the geological time-scale, some of the lines would have 
been drawn in different places. Thus the flora of the Upper 
Devonian is much more closely allied to that of the succeeding 
Lower Carboniferous period than to the preceding Middle 
Devonian, and that of the Upper Jurassic is almost indis- 
tinguishable from that of the lowest Cretaceous beds. More- 
over, as will be seen later, the three primary divisions of the 
stratified series, into Palawzoic, Mesozoic, and Cainozoic or 
Tertiary, do not coincide with the great transformations of 
plant life. 

TELLING THte AGE OP THE EARTH EY PLANTS 

T he division of plant history into a number of eras each 
with its own general type of vegetation is, of course, simply 
an abstraction based on our present knowledge of the floras 
of the past. There are no sharp lines between the different 
eras ; the whole story was really continuous. On the other 
hand, it is clear that at various periods different groups of 
plants have been dominant, and with a more detailed study 
of past floras it would be possible to show that almost every 
successive geological horizon is characterised by its own 
particular genera or species of plants. Sometimes one par- 
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THE GEOLOGICAL “AGES” OF PRE-HISTORY 
Same major changes in the earth's vegetation. The plant shown 
as a type of Wtlliamsonia is known as “ WilliamsonieUa."- 
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ticular plant which may have been widely spread in space, 
had a very restricted range in time, and is therefore a useful 
index of the geological age of the ^ds in which it is found. 
Sometimes these beds may be distinguished rather by the 
assemblage of fossil plants in them, just as the flora of two 
countries might be distinguished although some of the species 
in each were the same. 

In studying the succession of floras, the botanist must work 
hand in hand with the geologist. The broad outlines of the 
story may be fairly clear, but there are many difficulties in 
detail. Thus in ro^ of approximately the same age apparent 
differences in the flora may be due to variety in the original 
habitat of the fossil plants ; one set of rocks may contain 
only swamp plants, for example, and the other may contain 
relics of highland plants washed down by a river. But such 
questions touch the geological rather than the biological side 
of fossil botany. 


WHY AND HOW IT HAPPENBD 

T he observed facts of the succession of different types of 
life on the globe, apparently ranging from simpler to more 
complex along a network of lines or branches, which is 
what we call evolution, naturally raises questions not merely 
of why (which is quite beyond us) but of how it all happened. 
The fossils give us numerous hints as to how the various 
plant organs may have been elaborated from simple structures, 
and how plant groups may be linked together, either directly 
or, as we sometimes infer, by a common ancestry. To these 
hints we add the spice of speculation, which has its value 
in stimulating further research to verify or disprove new 
hypotheses. Moreover, there are always investigators who 
check the excessive speculations of their colleagues with new 
speculations of their own. Even the “ facts ** of one generation 
may be half-forgotten fancies in the next. “ Ferns turn out 
to be seed-plants, “ corak are found to be seaweeds, “ sea- 
weeds ” are recognised as land plants. In short, as Bernard 
Shaw has said, one of the chief glories of science is that it 
is always wrong, though he might have added that science is 
indeed an orderly and unceasing method of rectifying errors 
— ^its own as weU as that of others. Nevertheless those who 
want dogmatic and inunutable certainty must turn away from 
the halls of science. 



SEA CITIZEN THAT INVADED THE LAND 71 

The account here given of successive eras of plant life 
spread over hundreds of millions of years, with suggestions 
as to the relationship and descent of certain groups, is a mere 
sketchy outline based on the present state of Imowledge. 
One general conclusion may perhaps be emphasised : pro- 
gressive change is not a constant inherent feature of living 
beings. Many a group of plants has reproduced its kind with 
litde change in structure or habit for many million years ; 
in other groups great changes seem to have taken place com- 
paratively rapidly. “ Persistence of type,** writes A. C. 
Seward, and from time to time the apparently sudden 
influx of new types, are among the outstanding features of 
the history of plant evolution.*' 

One of the greatest palaeobotanists of our time, Dukinfield 
H. Scott, once remarked that we know a good deal about 
extinct plants, but not enough, as yet, to throw ipuch light 
on the exact course of their evolution. “ It is impossible,*' 
he wrote on another occasion, “ to construct a genealogical 
tree of the Vegetable Kingdom, but the tree symbol is prob- 
ably still the best scheme for picturing the course of evolution 
to our imagination. The symbolic tree mpst have had very 
long parallel branches — perhaps something like a Lombardy 
Poplar.’* 

When we ponder further on the vast sea of our ignorance 
concerning Lombardy Poplars and other living organisms 
— although we can watch their development from seed to 
tree, study their habits, experiment on them, and dissect 
them in our laboratories — ^we shall not be surprised that our 
knowledge of the past history of plants, based on casual 
assemblages of fragmentary fossils, is so incomplete. 

THE SEA CITIZEN THAT INVADED THE LAND 

N o more is known of the origin of life than of the origin 
of the world. The probability that life originated in 
the sea is discussed elsewhere,^ but the earliest organisms, 
whether animal or vegetable, cannot have left any traces in 
the rocks. Indeed, it may be questioned whether the earliest 
and simplest living beings, which may be envisaged as minute 
one-celled blobs of protoplasm, could reasonably be classified as 
either “ animal ** or “ vegetable '* — the distinctive characters of 
these two branches may have taken millions of years to evolve* 
1 See pp. 270-273. 
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Here, at the very beginning of our story, (he present gives 
the only clue to the past. There still exist microscopic aquatic 
organisms which might equally well be referred to the animal 
or the vegetable kingdom, and have often been claimed by 
both 2soologist8 and l^tanists ; these are probably the little- 
altered descendants of primeval ancestors which, having 
found their niche in the scheme of things, have managed to 
escape extinction. There are indeed numerous examples of 
both animals and plants which have persisted practically 
unchanged for very long periods. 

THE OLDEST PLANTS OP ALLt SEAWEEDS 

T he first recognisable fossil plants, and the only ones that 
have so far been found throughout the Cambrian, Ordo- 
vician, and most of the Silurian periods, are without exception 
algs, or seaweeds. Most of the soft and flimsy seaweeds of 
our coasts do not seem likely subjects for preservation as 
fossils — ^they decay far too quickly — but there are certain 
groups of algae which secrete a coral-like skeleton of lime. 
Forms such as these have frequently been preserved in marine 
deposits of the past, and were in some cases actually re- 
sponsible for building up extensive limestone masses which 
may be called algal reefs. The familiar coral reefs of the 
present day, as well as of the past, are often indeed partly 
built up by these calcareous algse. 

The. forms found in the early Palaeozoic are very varied ; 
some of them belong to an extinct family of the red algae, 
and some to a group of green algae with whorled branches. 
Lime was deposited by the living plant round these branches, 
producing a cylindrical, club-shaped, or spherical body. 
By cutting sections of these bodies it is possible in favourable 
states of preservation to study the structure, often quite 
complicated, of the plant itself, which is represented by 
tubes or hollows, or perhaps merely by lines of discoloration 
in the hard fossil. 

These whoiied green algae are foimd in rocks of almost 
every age from the Ordovician onwards and several kinds 
still exist. Each geological formation h^s its characteristic 
types, and a genersd progression of structure within the group 
can be traced almost tlnoughout the series. In referring to 
the pre-Cambrian and early Palaeozoic times as the age of the 
seaweeds, the existence of numerous fossil seaweeds in later> 
marine sedimentary rocks must not be overlooked, but after 
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the Silurian period the main interest in fossil botany naturally^ 
shifts to the land-plants. 

THI SfAWIEDS THAT BUILT ROCKS 

I N addition to those algae which can be related, sometimes^ 
distantly, to those of the recent flora, there are others in 
the far-off Palaeozoic which, though recognisable as belonging 
to the algal class, can only be dubiously fitted into a d^si- 
fication based on living forms. Like many of the fossils, 
their preservation is imperfect and their reproductive organs 
are unknown, but they are often very important gedogically 
as rock-builders or because they slum the age of tiie rocks 
in which they are found. 

There are other bodies again about which controversy 
still rages ; the best known of these are concentrically-banded 
masses of limestone, for which an algal origin has beei;! claimed, 
mainly on the ground of their resemblance to certain recent 
deposits which am supposed to be due to algae. In these 
cases there is no question of the deposition of lime in the 
form of a skeleton round the plant itself ; the precipitation of 
the bands of lime is a by-product of the plant's jAysiological 
activities. But similar banded precipitates may aW be pro- 
duced by purely inorganic means, and convincing proof that 
these large fossil forms are really due to algae or (as has also 
been suggested) bacteria is usually lacking. 

We may note in passing that minute organisms like bacteria 
would naturally be singularly difficult to recognise in the rocks 
and that their presence in the past can as a rule only be in- 
ferred from the results of their activities. The same may be 
said of another group of lowly organisms, the blue-green 
algae, which at the present day undoubtedly play an important 
p^ in marine sedimentation. Maurice Black has shown that 
“ in addition to those forms which actively contrfoute calcium 
carbonate to the sediment there are other species which func- 
tion primarily as sediment-binders, without neceasarily pre- 
cipitating any lime themselves.” The latter arc usually respon- 
sible for the diaracteristic form of the sediments, and in the 
Bahamas ” where such deposits are now accumulating over 
large areas, structures are being produced which are reminis- 
cent of those formed in some of t^ great limestone formations 
of the Lower Palasozoic and Upper Pre-Cambrian.” It is 
tl^refore quite possible that the ro^-forming processes which 
are going on in West Indian seas at the present day are identicals 
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with those of six hundred million years ago, and are due to 
similar organisms. 

PLANTS TAKE TO LAND AND LEARN TO BREATHE IN THE AIR 

W E do not know when marine (or at any rate aquatic) 
plants first invaded the dry land nor how long they 
took to develop those adaptations which fitted them for life 
in an aerial instead of a watery medium. We may speculate 
on the possibility that certain seaweeds of the shore, left dry 
at every low tide, and already differentiated into an attached 
or rooted portion and a more or less erect stem, developed 
a stronger skin, with pores (stomata) for breathing, and a 
central strand of thick-walled elements which served to 
strengthen and give rigidity to the stem as well as to conduct 
water within the plant. Finally, they must have produced 
air-bome instead of water-borne spores. 

The earliest known land-plants fit in extraordinarily well 
with this simple hypothetical description. A black rock 
found at Rhynie in Aberdeenshire, which is practically a 
petrified peat of Middle Devonian age, contains beautifully 
preserved examples of the oldest-known land-flora, whose 
minute anatomy can be studied in every detail. In this region 
of Aberdeenshire there was in Devonian times a peat-bog 
which underwent periodic inundation, resulting in the for- 
mation of peat beds alternating with thin sandy layers. The 
period was one of declining volcanic activity, and the final 
petrifaction of the peat was probably due to an influx of 
water highly charged with silica in solution, from hot springs 
or geysers. The inundation was probably quite sudden, since 
in the upper layers the plants are embedded, almost in their 
position of growth, in a practically pure flinty rock. 

The plants have a simple generalised structure : one of them, 
called Rhyma, was rootless and leafless, and consisted of tufts 
of forked erect stems continued into a creeping underground 
portion which bore root-hairs. The simple spore-sacs, con- 
taining only one kind of spore, were borne at the tips of the 
branches. There was a solid central conducting strand, which 
was somewhat more elaborate in another genus, Asteroxylon 
(so called from the star-shaped appearance of the woody 
strand in transverse section). The stem of Asteroxylon wa^ 
clothed with small veinless leaves, and the spore-sacs were., 
borne on special branches ; both genera hzd breathing- 
pores (stomata) similar to those of modem plants. 
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A DISCOVifillY THAT IS EAGERLY ANTICIPATED 

T he simple form and primitive anatomy of these plants 
suggest on the one hand that they are derived from sea- 
weed-like ancestors, and onithe other that they may themselves 
be members of a group from which various higher types of 
plants have been evolved. It would be unwise, however, to 
assume either that these particular early Devonian forms 
were the direct ancestors of later plants, or that land-plants 
originated in Devonian times. One of the discoveries to 
which botanists and geologists eagerly look forward is of pre- 
Devonian land or freshwater deposits in which plant relics 
have been preserved. Whether or not because the conditions 
under which the sedimentary rocks were deposited were 
unfavourable to the preservation of plants, such fossils are 
at present unknown, except perhaps in the Uppermost Silu- 
rian beds which may here be classified with the Devonian. 

The Rhynie plants may have had a long history as land- 
dwellers, and the fortunate accident of their preservation in 
the Aberdeenshire chert may have taken place in the old age 
of their race, almost at the moment of extinction. The group 
to which they belong is tmrepresented in fossil floras of later 
date than the Middle Devonian, and there are no living plants 
which can definitely be claimed as closely allied to them. In 
addition to those found in the petrified peat of Rhynie, plants 
of similar type (so far as can be judged from less well-preserved 
material) are found in early Devonian rocks of every continent. 

REMARKABLE AND PUZZLING EXTINCT PLANTS 

I NTERESTING and important as the primitive Devonian land- 
plants are, the co-existence of other types must not be 
overlooked. Many of these are so imperfectly known that 
their affinities are still quite uncertain ; some of them are so 
puzzling that they do not seem to fit into any of the main 
groups of the vegetable kingdom. Thus there are certain 
large stem fragments, sometimes three feet in diameter and 
apparently showing rings of growth, which are found in 
Upper Silurian and Devonian beds of Europe and America ; 
they were first called Prototaxites^ from a supposed relation- 
ship to the ancestors of the yew, but this view was soon 
discarded. 

The loosely interwoven tubular tissue of which the fossil 
is composed is rather like that of some living brown algas 
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(such as the large Antarctic Lessoma)^ and for long Prototaxites 
was accepted, though rather doubtfully, as a colossal fossil 
seaw^d. When, later on, the supposed seaweed was found 
definitely associated with 4and-plants the question of its 
nature had to be reconsidered, and there was even a suggestion 
that it might be a fungus. But nothing has yet been found to 
connect the chunks of petrified “ stem ” (as they are still 
presumed to be) with any leaves or other appendages, nor 
with any reproductive organs, and Prototaxites remains, in the 
words of W. H. Lang, “ one of the most remarkable and puzzl- 
ing extinct plants.*’ 

The dominant plants in the age of the early land-fioras were 
lowly types of vascular plants, mostly belonging to groups 
whi^ are now extinct. However, as D. H. Scott has put it, 
“ that each new t 5 rpe arose much earlier than its full mani- 
festation is obvious, and there is often direct evidence of pre- 
cursors in an age previous to the transformation of the flora.” 
One of these precursors in the Middle Devonian, discovered 
ilong ago by Hugh Miller, author of The Old Red Sandstone 
and The Testimony of the RockSy was a stem with its internal 
structuie preserv^ which Miller regarded as an undoubted 
cone-bearing tree. Whether it really belongs to the group of 
Gymnosperms (which includes the conifers) is uncertain, 
but the elaboration of its structure indicates a higher type of 
organisation than the primitive Middle Devonian plants of 
Rhynie. Looked at from the present, it may well have be- 
longed to an archaic group ; three hundred and fifty million 
years ago it was perhaps a forerunner of the flora which in 
. Upper Devonian times was to extinguish most of the primitive 
land-plants and usher in a new era. 

The Middle Devonian beds of Grermany have yielded a 
series of plants, including stems anatomically resembling 
the one found by Hugh Miller, which also suggest that the 
vegetation was very far advanc^ and diversi&d compared 
with the earlier land-flora. Again, however, there is no 
definite evidence of seed-plants, but there are leafy and 
woody plants of various kinds, some with small leaves and 
some with compound fronds which suggest an approach to 
the fern type. Some have obscurely pointed stems and whorled 
leaves, with fructifications in loose spikes or cones ; these may 
be the forerunners of that group of fern-allies (or pteridophytes) 
which to-day is represent^ only by the horse-tails. 

There is abundmt scope for the fossil-collector in exploring 
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the plant-bearing beds of the Old Red Sandstone in Scotland 
and the Welsh borders ; new discoveries of high botanical 
importance undoubtedly await the student in these rocks. 

THE AGE WHEN COAL WAS A FLOURISHING 
PLANT GROWTH 

T he five main eras of plant life were not of equal duration. 

The age of seaweeds (from the first beginnings of life 
to the appearance of land-plants) was perhaps the longest, 
and the succeeding era the shortest, though these two over- 
lapped, at any rate, in the Silurian epoch. The central era, 
which is much better known, extends from the Upper Devonian 
to the end of the Permian. Its close, therefore, coincides with 
one of the great geological divisions — ^that between the Palaeo- 
zoic and the Mesozoic, and it is most characteristically de- 
veloped in the Carboniferous period. That is to say, it is the 
age of the great coal forests of the northern hemisphere, with 
an introductory period covered by the Upper Devonian and 
Lower Carboniferous and a period of decline in the Permian. 

A WORLD WITHOUT PLOWSRS 

W HAT types of plants were ddminant in this important 
period r We have called it the age of the seed-fems — 
those familiar coal plants with fern-like foliage which are 
now known to have borne seeds instead of spores — and 
though these perhaps best typify the era, it was also the age 
of the tree horse-tails and the giant club-mosses. True ferns 
were present, though, like the mosses and liverworts, they 
were never a dominant feature in the flora, and there were 
other groups of less important fern-allies, such as the slender 
Sphenophylls. 

The higher seed-plants, including forms allied to the 
conifers which are grouped together as Gymnosperms, were 
an important element, especially towards Ae end of the era, 
but there were no true flowering plants. The spore-producing 
fem-allies and the fem-like seed-bearing Pteridosperms 
roughly held the balance between them in the vegetation. 
The primitive land-plants had disappeared ; the conifers 
were still unimportant ; the flowering plants had not yet 
arrived. It was a green world, but the forests may not have 
been entirely without other colours. The great yellow cones 
of the giant club-mosses, the feathery, branched pollen- 
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producing organs and the husked seeds of other plants may 
well have diversified the dense mass of foliage much as flowers 
do in a forest to-day. But although insects were there — cock- 
roaches and giant dragonflies — ^the plants seem to have been 
mainly if not entirely wind-pollinated, and there was no 
occasion for gay colours and elaborate flowers to attract 
insect visitors. 

PLANT LUXURIANCE TURNS TO MINERAL WEALTH : 

THE COAL BEDS 

F rom the debris of the luxuriant vegetation of this age, 
coal was produced. Coal may be described as the com- 
pact residue of plant remains which have undergone varying 
degrees of maceration, decompositiqn and chemical change, 
resulting in a hard brittle substance rich in carbon. In some 
cases the plants grew in swamp forests or peat bogs and 
accumulated on the spot ; in others the vegetable matter 
drifted into lakes, estuaries, or even out to sea. Some coals 
are formed of a mixture of many different kinds of plants ; 
others are mainly the product of a few or of only one kind. 
Some are built up mainly of wood ; others contain abundant 
leaves, twigs, bark, cones and spores ; some consist almost 
entirely of spores. Nearly all coals, even the much-altered 
anthracites, consisting of almost pure carbon, retain traces of 
the plant tissues from which they were produced, as can be 
demonstrated by examining thin sections, or highly polished 
and etched surfaces, with a microscope. The original vege- 
table matter is always much compressed and reduced in bulk 
in the course of conversion into coal ; it has been estimated 
that a coal seam one foot thick represents some fifteen to 
twenty feet of plant debris. 

Although the familiar coals of this country are all of Car- 
boniferous age, coal deposits are known in various parts of 
the world in all geological periods from the Upper Devonian 
to the late Tertiary. The later coals were, of course, derived 
from different types of plants but were probably formed in 
similar ways. 

PLANTS THAT BECAME STONE INSTEAD OF COAL 

I N many coal-fields the scams of coal rest on an under-clay 
which is full of stumps and ramifying roots evidently be- 
longing to the plants now forming the seaxxi. Clearly in sueb^ 
cases &e plants must to a large extent have accum^ated on 
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the spot where they grew, though some may also have drifted 
there through inundations. In some seams stony nodules, 
called coal-balls, are found ; these do not consist of coal, but 
are calcareous bodies containing petrified plant remains. 
They are in short, only partly compressed masses of the 
same debris as that of whicKthe coal is composed, but petrified 
by solutions containing carbonate of lime before the rest of 
the deposit was converted into coal. 

Under certain conditions the solutions started centres of 
concretionary action, and sometimes a number of such con- 
cretions grew or were cemented into one solid block, rarely 
as much as five feet long and four feet thick. It is fortunate 
for mankind in general that most of the plant accumulations 
were not thus petrified, but were turned into a combustible 
mineral ; it is, however, fortunate for the botanist that some 
relics of the ancient vegetation were almost perfectly pre- 
served for his inspection. 

Our knowledge of the anatomy of Coal Measure plants is 
very largely derived from these coal -balls. Thin sections 
ground down on glass until they are translucent can be ex- 
amined under the microscope, and reveal the structure of the 
tissues almost as if they were sections of living plants. This 
is because in the course of petrifaction mineral matter has 
been laid down along the cell-walls and in the cell-cavities, 
completely preserving a skeleton, as it were, the tissues. 
The cell-contents have disappeared or been replaced by 
mineral, except in certain rare cases ; resins, for example, are 
sometimes preserved in petrified woods. In many coal-balls 
much of the vegetation had decayed before petrifaction, but 
in others the preservation is astonishingly perfect. An ingeni- 
ous method of making ‘microscope preparations from coal-balls 
depends on the fact that the organic matter of the cell-walls 
is not mineralised. By etching a polished surface with hydro- 
chloric acid the miner^ matter is removed, and the thin layer 
of plant tissues which remains upstanding is then embedded 
in a solution of cellulose or gelatine. This dries to a thin film 
which can be readily peeled off. 

Petrified plants of all geological ages can thus be prepared 
by one method or another for microscopical study. The 
commonest petrifying agents are silica (as in the case of the 
Rhynie plants mentioned above) and carbonate of lime (as 
in the coal-balls). In very few geological horizons, however, 
were the conditions favourable for the preservation of plants 
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on sudi a scale as in the coal measures, and in most deposits 
one only meets with isolated examples of petrified wood and 
cones. Sedimentary deposits from estuaries and lakes often 
contain abundant impressions of plant remains, especially of 
leaves, and much of our knowledge of fossil plants must be 
derived from these. They supplement what can be learnt from 
petrified fossils, but since both types are usually fragmentary 
Ae task of piecing together the evidence in order to get an 
idea of the plant as a whole is a long and difficult one. Even 
in the coal measures, which have such an abundant flora, 
and which have been intensively studied for a hundred years, 
we scarcely know one single species of plant completely in 
all its parts. Anyone, therefore, who lives near a coal-mine 
may add materially to our knowledge by carefully collecting 
and studying the plant impressions to be found in the shales 
of the tip-heaps. 


HOW THE PLANTS DEVELOPED THEIR ORGANS 

B efore proceeding to give an outline of the main groups of 
extinct plants wWch composed the Upper Palseoasoic flora, 
it may be useful to sketch briefly some of the lines along 
which the higher land-plants became differentiated, wiffi 
regard to the types of structure that they show in their various 
organs. From the simplest unicellular plants one passes to 
multicellular forms with an undifferentiated plant-body 
known as a thalltis. The seaweeds are typical thallus-plants ; 
except in the highest forms they show little differentiation 
into root, stem, or leaves, and have practically no internal con- 
ducting system. The simplest land-plants, having escaped 
from Ae watery medium, must develop a root system for 
attachment and for water absorption ; a conducting system ; 
strengthening tissues, since they are no longer held up by the 
surrounding water ; and breathing pores. 

Some of the early Devonian plant fossils have not got very 
far in die differentiation either of organs or of tissues. Tlw 
underground portion of Rhyrda, for example, has the same 
structure as the aerial stem, and differs only in bearing root- 
hairs, while Asteroxylon has not even got these. In later 
Palaeozoic times, however, we find numerous types of highly 
elaborate root-systems, often differing so much structurafljr 
from ^ stems they bore* that they have been mistaken fot 
independent plants until found in connection. 
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THE LAND.PLANT*S GREATEST LEGACY: THE STEM SYSTEM 

W E have already remarked that the central strand of the 
primitive land-plant served the double purpose of support 
and water-conduction, and this dual function has been re- 
tained throughout the whole subsequent history of every 
group of the higher plants. Increase in size, however, together 
with branching and the development of leaves each supplied 
with its own strand led to complex developments in the 
conducting system, which followed different lines in the various 
groups of plants. The primitive strand (or stele) of Rhynia^ 
consisting of a solid cylinder of wood surrounded by a sheath 
of bast (phloem), became more complicated in Asteroxylon^ 
which itself may be regarded as a basic form from which the 
t3rpe of stele found in the club-mosses and their allies may 
have been derived. Along some lines of development, the 
woody projections of the stele may branch in a complicated 
manner ; along others, a central pith may develop in the 
wood, and the cylinder thus formed may be broken up in 
various ways by branches and leaf traces. 

With growth in size, a simple woody strand becomes 
insufficient, and new wood must be formed, either in small 
patches, or in layers all round the stele. When this secondary 
toood continues to be formed from a growing layer, the her- 
baceous plant becomes a tree. So far as the primary wood 
of the stem is concerned, two main types of growth have 
been observed : an older type, the centripetal, developing 
towards the centre of the -stem, and a. newer, the centrifugal, 
developing from within outwards. The latter gradually 
replaces the former in various groups of plants ; the presence 
of centripetal wood in the stem is recognised as an archaic 
character, and is only found among living plants in the cycads, 
themselves the relics of an ancient group. 

One other anatomical character of many Palaeozoic plants 
may be briefly mentioned ; the frequent occurrence of bands 
of strengthening tissue in the outer part of the stem. This 
no doubt balanced a certain weakness in the central woody 
column in cases where the latter was mainly concerned with 
water-conduction. Plants in those days developed varied 
mechaniMns in order to adapt tiiemselves to the conditions 
under which they lived, just as do the plants of the present, 
and there is nothing in the structure of any known fossil 
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plants which even suggests that they lived under conditions 
which cannot be paralleled at the present day. 

THt LEAF MAKES ITS AFFEAKANCE 

A mong the early land>plants, in addition to the leafless 
Bhynia^ there are two different types of leafy appendage — 
first the little scaly outgrowths which clothed the stems of 
plants like Asteroxylon^ and which may have given rise to the 
small crowded leaves of the kind found in the club-moss 
group, and secondly, the flattened branch-systems of some 
other plants which seem as if they were the precursors of the 
fern type of compound frond. 

The green leaf is the special organ concerned with carbon 
assimilation, which in the simplest plants may be performed 
by the whole vegetative body, and there is no reason why 
leaves may not have originated in several different ways. 
Among living flowering plants, for example, the apparent 
leaves of the ** butcher’s broom ” are (botanically speaking) 
flattened stems. Thus even when a part of the plant has been 
specialised for its particular function, it may also take on other 
duties. 

The variety of leaf-form and venation is almost as great 
among Coal Measure plants as aiflong flowering plants of 
to-day. There are the linear or lanceolate whorled leaves of 
the tree horse-tails or Calandtes^ graceful and feathery ; the 
conifer-like foliage of the giant club-mosses ; the wedge-shaped 
and fringed leaves of the Sphenophylls ; the huge strap-like 
parallel-veined leaves of Cordaites/y and among the seed- 
fems almost every ty{>e of simple and compound frond, 
including some which might easily be mistaken for the leaves 
of modem flowering plants, as well as many which at first 
sight are almost indistinguishable from those of living ferns. 
As A. C. Seward has said : 

** In the course of ages, similar results have been achieved 
by many diverse groups of plants; age after age there has 
been a repetition of unconscious effort towards the saihe end. 
Groups which had reached what might be regarded as an 
advanced state of efficiency became extinct; after a long 
interval new creations repeated with little or no change in 
plan the structural desigp produced by long-forgotten and 
possibly blindly ending lines of evolution.** , 
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THE PLANT SLOWLY EMERGES AS A 
COMPLEX STRUCTURE 

I N the simplest Devonian plants the fertile part was merely 
a terminal sac containing spores — the differentiation of the 
axis into sterile and fertile parts seems to have preceded the 
evolution of more or less specialised organs like roots, stems 
or leaves. The terminal spore-sacs were sometimes borne 
singly and sometimes in clusters, and from the latter it is 
possible to derive the cone, which is simply an aggregation 
of spore-sacs on a specialised branch, and may be with or 
without interspersed bracts or leafy structures. 

In the fern type the spore-sacs are often borne on ordinary 
fronds, but here again we must remember that these fronds 
are themselves probably modified branch systems. The 
spores were at first all exactly alike, but in various Palaeozoic 
groups of plants one soon finds that two kinds of spores are 
produced, differing in size. One of these doubtless produced 
the male cells, and the other the female. Here it is important 
to bear in mind the “ alternation of generations ^ so charac-^ 
teristic of ferns and their allies as well as of mosses and liver- 
worts. In the latter the “ plant ” is the sexual generation, 
and the spore-producing generation is relatively unimportant ; 
in the ferns, and in all the other fossil land-plants from Rhynia 
onwards, we have to do with the spore-producing generation, 
nothing being known of the generation which bore the sexual 
organs. 

In the higher plants the sexual generation is much reduced, 
and is not an independent body. When the number of 
“ female ” spores in each sac is reduced to one, and this after 
fertilisation remains attached to the parent plant and is 
provided with a covering, we have an approach to the seed. 
The origin of the seed-habit is, however, not yet solved ; 
it arose independently in different groups of Carboniferous 
plants, and some Carboniferous seeds were considerably 
more complex than any seeds of to-day. 

We cannot deal in any detail with the innumerable variety 
of spore-sacs (sometimes borne on special branches, some- 
times on ordinary fronds), cones and seeds foimd in the coal 
measures and the other deposits of this era, but we must 
emphasise that all these organs are usually found detached. 
Moreover, some very seed-like bodies have turned out on 
‘See DP. •54-56. 
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microscopical examination to have been spore-bearing organs, 
and vice versa. Every scrap of evidence which will serve to 
relate one set of organs to another, or to throw light on struc- 
tural details, is therefore of value, and the amateur collector 
should keep a sharp look-out for seeds or spore-sacs attached 
to stems or fronds. 

HORSE-TAILS THAT GREW INTO TREES 

T he well-known horse-taik of the present day, common in 
marshes and shallow water, are herbaceous plants which 
at most grow to a height of about six feet, and are usually 
smaller. Their relatives in the Carboniferous period were 
very similarly organised, and probably had quite a similar 
appearance, but were woody trees often of considerable 
height. The delicate branches bore whork of linear leaves 
and the cones, borne on the ends of slender branches, were 
sometimes six inches long. Various detached remains of the 
tree horse-taik or Calamites, particularly what are known as 
pith-casts, are exceedingly abundant as fossils in the coal 
measures. The stems were hollow, and became filled with 
sand or mud when they fell into the swamps, streams, or 
pook where they grew ; when the stem decayed and the aedi^ 
ment hardened a cast of the hollow pith was formed, showing 
the transverse joints of the original stem. 

The cones were more ekborate than in the living horse- 
taik, and those of the Upper Carboniferous type were rather 
more highly organised than the Upper Devonian and Lower 
Carboniferous forms. It would be a mktake to suppose that 
the living horse-taik are the direct, simplified, and as it were 
degenerate, descendants of the ancient ones. The two families 
are closely rekted, but there is no evidence that the older 
group is ancestral. There is indeed some evidence that her- 
baceous horse-taik may also have been in existence in the Coal 
Measure age, but the specialised giant forms that dominated 
the swamps of those times seem to have been completely 
extingukhed by the close of the Palaeozoic era. 

** MOSSES '* THAT WERE GIANT TREES 
T^ERHAPS the most abundant of all Coal Measure plant 
JL fossik are the remains of the giant club-mosses. The 
remarks just made about the horse-tails apply to thk group 
ako. The living representatives are small herbaceous plants 
some of which are popularly known as club-mosses, though 
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TWO MODEST PLANTS OF ANCIENT LINEAGE 
These small herhaceaus plants are the relatives living to-day 
of the Tree Horse-tails and Giant Club Mosses so conspicuous 
in the landscape of the Carboniferous Period. 

in spit^ of the name they have nothing to do with true mosses. 
Their allies (but not actual ancestors) in Carboniferous times 
were often huge trees over a hundred feet in height, capable 
of increasing in thickness by forming secondary wood ; in 
n^y cases their foliage of small densely-crowded leaves was 
similar to that of the club-mosses. It is well to be familiar 
with two of the principal genera of these trees, Lepidodendron 
and Sigillariay for fragments of their stems, showing impres- 
sions of the crowded leaf-bases, lozenge-shaped in the former 
^d more rectangular or hexagonal in the latter, are exceed- 
ingly common in the coal-beds. Still conunoner, perhaps, is 
the fossil called Stigmariay which is now known to be the 
ramifying underground rootstock of both Sigillaria and 
Lepidodendron. The finer rootlets penetrated everywhere in 
the coal swamps, and the coal-balls (Ascribed above are always 
full of them. 

The cones of these plants produced two kinds of spores, 
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and were so prodigal of their pollen, as the smaller spores 
may be called, that certain deposits of coal are practically 
made of nothing else ; probably in such cases ^e pollen 
drifted into the still waters of a 900I and collected at the 
bottom. The larger spores (also very common in coal, their 
resistant, coats often remaining when the vegetable matter 
decayed) were sometimes reduced to a single one in each 
spore-sac. By a further development in which the spore-sac 
was closely invested by a leafy structure, leaving only a 
slit for the entrance of the pollen, a seed-like organ was 
produced. Other types of seed have also been found in this 
group, showing that seed formation was not confined either 
to the flowering plants or their ancestors, for the seed-bearing 
club-mosses belong to an entirely different line of descent 
which died out long ago. 

SLENDER CUMBERS WITH COMPLICATED CONES 

O NE characteristic group of Palaeozoic plants must be 
mentioned briefly : the delicate Sphenophylls. The ribbed 
and jointed stems bearing whorls of wedge-shaped, sometimes 
fringed or forked leaves, indicate a relationship with the 
tree horse-tails. The stems had a solid woody axis, which 
produced secondary wood, but never reached a very great 
size, and they were probably trailing or climbing plants. 
The cones of most members of the group were complex, and 
do not suggest any close affinity with other groups. One of 
the Lower Carboniferous forms, known as CheirostrobuSf of 
which only a few specimens have ever been found, at Pettycur 
in Scotland, is quite the most complex fructification known 
in any spore-plant, either fossil or recent, with whorls of 
elaborately segmented scales bearing well-protected spore- 
sacs. So far as structure is concern^, the group apparently 
reached its climax early in the seed-fem era ; representatives 
are still to be found up to the close of the era in rocks of all 
parts of the world, but after that it died out completely. 

The complexity of structure exhibited at such an early 
stage as the Lower Carboniferous by plants like Cheirostrobtis 
is a very striking and interesting phenomenon. It suggests 
for one thing that such plants must be the result of a very 
long period of evolution, but in this connection there are t^o 
points to be remembered : first that we have very little idei^ 
of the rate of evolution in living beings ; second, that the 
apparent suddenness with which groups rose to importance 
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or developed in organisation is often due to an inevitable 
foreshortening as we look back over geological time. Thus 
between the Lower Devonian, in which so far as we know 
only relatively simple plants flourished, and the Lower Car- 
boniferous, with Cheirostrobus and other highly specialised 
types, there was an interval of many million years — a far 
longer period, probably, than that covered by the whole 
evolution of man from anthropoid apes. Whether or not 
Cheirostrobus was the result of comparatively rapid evolution 
from some earlier type of jointed spore-bearing plant, one 
lesson seems clear : that extreme complexity and specialisation 
lead inevitably to extinction. 

AN IDENTITY PUZZLEi PERNS THAT BELIED THEIR APPEARANCE 

T rue ferns were not nearly so common in the Coal Measure 
period as was formerly supposed, but their existence is 
well-attested by petrified remains of stems and leaves as 
well as spore-sacs. The fossils fall into two main sections : 
a group of “ early ** ferns which first appear in the Upper 
Devonian, with a fairly simple type of anatomical structure, 
and a group of tree-ferns which are characteristic of the 
later part of the era, with a very elaborate stem anatomy. 
The curious thing about the former is that many of them 
had most unusual fronds borne in definite rows, which branched 
repeatedly in planes at right angles to each other, so that they 
must have looked quite unlike any ferns we know at present, 
while the really fem-like fronds of the Carboniferous period 
were many of them not ferns at all. These early ferns seem to 
be another extinct specialised stock, though they show points 
of contact with certain later families of ferns, and especially 
with the family to which the Royal Fern belongs. 

The Early Ferns may also be related to the tree-ferns of 
Ae later Palaeozoic, and although die latter, too, are extinct, 
it is commonly believed that they are allied to certain living 
tropical ferns of the family Marattiacese. Their petrified stems 
are particularly common in certain Permian Beds of Saxony, 
and have long been familiar, when cut and polished, as decora- 
tive objects under the name of “ starling-stones.” They 
obtained the name because of the mottled appearance of the 
thick mass of felted roots which grew round the stem. More 
is known about the stems than about the foliage and repro- 
ductive organs of most of these ferns ; with the fertile fronds 
bearing spore-sacs, it is difficult to know whether or not they 
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mre really true ferns or whether they are the pollen-bearing 
organs of plants such as those we are about to describe. 

STRANOE KINDS OF SLANTS THAT HAVE LEFT NO 
DESCENDANTS 

is now not the slightest doubt Aat the majority of 
X the commonest fem-lite fronds of the Coal Measures 
did not belong to the ferns at all, but were seed-plants of an 
entire^ exdnct group. In several cases the seeds have actually 
been found borne on the fronds, sometimes on a naked part, 
but sometimes on fronds with normal leaflets. There was 
nothing in the nature of a specialised flower. 

In appearance many of the seed-ferns must have resembled 
the tree-ferns of the present day. In the structure of the stem 
as well as of the reproductive organs they show an amazing 
variety, and in sfHte of the superficial resemblance it does 
not seem that these plants were at all closely related to any 
known ferns, either fossil or recent. Moreover, the earliest- 
known forms of the ferns and of the seed-fems found in Upper 
Devonian rocks are not in the least alike. Both groups may 
have had a common origin, but if so it must have been in an 
eaiiier era. The seed-fems may be related to the gym- 
nosperms, especially the cycads, for there are similarities in 
the anatomii^ characters of the stem as well as in the 
structure of the seed. 

In the fertiU^tion of the seed-fems we have an interesting 
example of the dependence of highly-developed land-plants 
on water at one stage of their life-history. Fertilisation in 
the ferns and other spore-plants, and also in the cycads, still 
takes place by the liberation of an active male cell which re- 
quires the presence of water in order to swim to the female 
organ. The higher seed-plants of to-day have got beyond 
this dependence on water, and the mde cell is passive, 
but the seeds of the Carboniferous seed-fems resemble those 
of cycads in having a pollen-chamber into which when it was 
filled with water foe male cells were no doubt liberated. In 
some of these fossil seeds pollen-grains have actually been 
found in foe pollen-chamber. 

PalssoEoic seeds also differed from those of modem flower- 
ing plants in another important respect : they did not contain 
an embryo. Some of them were quite small — only a few 
mil&iietres in length — but a few were as large as a duck’s 
egg, with a very foidc coat. The question erf whether foe 
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higher seed-plants are all descended from a single stock is 
stUl undecided. Many botanists, however, are inclined to 
see in the network of forms grouped together as the seed-ferns 
the starting-point of the several lines of gymnosperms, and 
also of the flowering plants of to-day. ThL problem will be 
referred to again below. 

TREES THAT WERE TRIUMPHS. OP ENGINEERING 

T he last important group of Upper Palaeozoic plants is 
exemplified by the tall trees known as Cardaites. Their 
lofty branched stems bore large, strap-shaped leaves, some- 
times as much as a metre in leng^. The complicated internal 
structure of the leaves, with strands of thick fibres to act as 
girders, show that they were mechanically well adapted to 
withstand bending and tearing strains. On this point D. H. 
Scott writes U 

“ It is interesting to note that the construction of the leaves 
of this extinct race of gymnosperms was, from an engineer- 
ing point of view, on the same lines as that of the similar 
leaves of certain Monocotyledons at the present day. 
Thus, when the conditions were identical, the adapta- 
tions of Palaeozoic plants were the same as those of plants 
of similar habit now living.” 

The structure of the wood much resembles that of the 
monkey-puzzle conifers of the present day. The pith was very 
large (and thus was more like the cycads than the conifers) and 
was divided by a series of transverse diaphragms. Casts of 
the pith (comparable with those of the horse-tails mentioned 
above) are among the commonest fossils of the Coal Measures. 
The fructifications were of an elaborate structure, rather like 
catkins in form, and the seeds, like those of the Pteridosperms 
and the living cycads and the Maidenhair-tree, were provided 
with a pollen-chamber. The Cordaiteans were certainly an 
advanced and highly-developed race and they afford evidence 
of relationship with all the chief groups of g3r[nnosperms. 

The flora in the early part of this era, that is to say, in the 
Upper Devonian and Ix)wer Carboniferous, was somewhat 
different from that of the Coal Measures and the Permian, 
which also may be classed together in a general way. Although 
most of the same plant groups are represented throughout 
the era, some of them, such as the Cordedtes trees just men- 
tioned, and also Sigillaria, attained their main development 
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later, while towards the end there is an increase in the conifers 
and cycads. Many genera are especially characteristic of the 
earlier period, and one of the most abundant'of these, sup- 
posed to be a seed-fem, has suggested the name Arcfueopteris 
flora. Where marine beds occur in the Lower Carboniferous, 
reefs of calcareous algae abound, but in this sketch we can 
deal only with the land vegetation of these and later times. 

The interesting thing about this Archaopteris flora is that 
it was world-wide in distribution, like the preceding early 
land-flora, representatives of it having been found from 
Spitsbergen to South America and Australia. When we come 
to the Coal Measures, however, we find that the profuse and 
varied flora which provided our most important coal deposits 
was almost confined to the northern hemisphere. Even in 
the north more than one floral province can be distinguished, 
and there are many plants in the coal-beds of China which 
are not found in those of Europe and North America. 

AN ICE AGE IN THE SOUTH 

I N the southern hemisphere the vegetation was not nearly 
as varied, largely because the climatic conditions were less 
favourable. Vast areas in the south were in the grip of an Ice 
Age while luxuriant vegetation flourished in the north. The 
southern flora had no true Calamites or tree horse-tails, few giant 
club-mosses and few of the common seed-ferns so familiar in our 
coal-beds. The most abundant plant fossils are certain tongue- 
shaped leaves with netted veins, called Glossopteris (“ tongue 
fern ”), of which there are numerous varieties. Hence the 
name Glossopteris flora, which has been applied to the whole 
assemblage of Upper Carboniferous and Permian plants of 
South America, South Africa, India and Australia. It has 
been surmised that these areas, with their very uniform 
flora, were formerly more dr less united into one great con- 
tinent, to which the name Gondwanaland has been given. 

In spite of its name, it is now regarded as certain that 
Glossopteris was not a fern at all. It may have been a seed- 
fem, or it may have belonged to some gymnospermous 
group, but the conditions of preservation have not left 
us an^hing comparable with the coal-balls of Europe and 
America, and we really know little of the internal structure or 
of the reproductive organs of Glossopteris and its allies. Gymno- 
sperms were certainly well represented in the flora, and some 
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of them seem to have belonged to the same group as Cor- 
daites. The Sphenophylls were represented, and the horse- 
tails were of more herbaceous t3rpes than the Calamites, 
though still unlike those of to-day. 

THE SOUTH POLE PLANTS THAT SCOTT DISCOVERED 

T he northern and southern floras did not occupy entirely 
distinct territories. There was an admixture of the two 
in Central Africa down to Southern Rhodesia, while in 
Sumatra and Malay a northern flora has been found un- 
accompanied by Glossopteris, In south-eastern Asia Glossop^ 
teris itself lasted on into the next era, and thence perhaps 
spread northwards and westwards in the early Mesozoic. 
But in general, the very distinctive Glossopteris flora belongs 
to the southern region known as Gondwanaland, which, in 
this era, included Antarctica. One of the most important 
discoveries of Scott’s last expedition to the south polar 
regions was of strata containing Glossopteris and other fossil 
plants at Buckley Island on the Beardmore Glacier, within 
three hundred miles of the South Pole. Evidently the climate 
of the ^tarctic must then have been considerably warmer 
than at present. 

We have already mentioned that the earlier Archaopteris 
flora flourished in Arctic regions, and many later plant- 
bearing deposits are known within the Arctic and Antarctic 
circles, so that we may be justified in regarding the present 
extreme frigidity of these regions as being, geologically 
speaking, abnormal. It would be out of place, however, to 
enter into a full discussion here of the questions connected 
with changes of climate and of the distribution of land and 
sea in past ages. It is necessary to mention these changes 
because of their influence on the distribution and evolution 
of plants. 

The coming of an ice age in the southern hemisphere was 
evidently connected with the extinction of the Arckaopteris 
flora and the rise of Glossopteris ; in the northern hemisphere, 
the gradual disappearance of the seed-fem flora, of the coal 
swamps was largely due to increasing desiccation. At the 
close of the Permian period and in part of the succeeding 
Triassic period desert conditions prevailed over large tracts. 
The break in the succession of floras seems, of course, more 
complete when we study only a limited area ; or when con- 
ditions happen to be unfavourable for the preservation of 
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fo88ik> but the change in the vegetation was undoubtedly 
very great in the northern hemisphere. 

A WORLD WITHOUT GRASS 

A t the end of the Pabeozoic Age the great tree club-mosses 
and tree horse-tails had died out completely; the little 
Sphenophylls that trailed over them disappeared too ; the 
older types of gymnosperms, such as CordaiteSy were replaced 
by confers and others whi(^ were only beginning to creep 
in at the close of the Palaeozoic. The familiar seed-fems had 
all gone, and the general appearance of the vegetation must 
have been completely different. Nevertheless it was also unlike 
that of to-day, for there were still none c/ the higher flowering 
plants. It is strange, for example, to think of a world without 
grasslands, but so far we know of no fossil plants which can 
have carpeted the ground in quite the same way as do the 
grasses of this latest era in which we live. 

The plants which gave character to the vegetation in this 
era, which we have therefore called the age of gymnosperms, 
belonged to three groups of seed-plants, the conifers, the 
maidenhair-trees, and the cycads — or better, the cycadophytes. 
The living cycads are rare and few in number ; they are 
mainly tropic^, and have no popular name — some of them 
have been called sago-palms, but they have nothing to do 
with the real palms and the sago they produce is of nb account. 
The fossil cycadophytes had very similar, stiff, sometimes 
palm-like foliage, but their reproductive organs differed con- 
siderably. 

The age in which these groups were dominant is roughly 
the Mesozoic era of the geologists, but it ended, so far as the 
plant life is concerned, about the middle of the Cretaceous 
period — ^that is, rather earlier than the conventional line 
between the Mesozoic and the Tertiary. In actual time, it is 
safe to say that it lasted a hundred million years — ^probably 
not so long as the preceding age of seed-fems. 

FLANT UPE BECOMES COSMOPOLITAN 

T he difference between the vegetation of the northern and 
the southern hemispheres which was so pronounced at 
the close of the Palaeozoic era continued into the Mesozoic. 
In the south, where the distinction between Palaeozoic and. 
Mesozoic— or the age of seed-fems and the age of gymno-* 
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spenns — ^is not so easily drawn, the dominant Triassic plants 
differed markedly from those of the north. The Glonoptem 
flora, after changing its character very gradually, becomes 
known as the DicrotdUm flora, from the name of a very char- 
acteristic plant with forked fronds which is common in most 
parts of the old continent of Gondwanaland. 

Into the problems of the possible changed position of 
continents through crustal drift, or of the former existence 
of land-bridges across oceans, we cannot enter here, but as 
a result of migrations and invasions from south to north and 
vice versa over long periods of time, the vegetation of the 
whole word seems to have grown much more uniform again 
in Jurassic times. From Alaska and Siberia to the Antarctic 
the same kinds of plants were dominant, and the Yorkshire 
cliffs yield fossils which are indistinguishable from those of 
China and Japan, or of Graham L#and in the far south. This 
flora lasted on into the early part of the succeeding Cretaceous 
period. 

SOME FAMILIES WHOSE DESCENDANTS SURVIVE TO-DAY 

T he horse-tails of the Mesozoic need not detain us long. 

They continued to form a minor clement in the vegetation, 
but though often much larger than the present-day relics of 
the class, they all seem to have been herbaceous and not 
woody forms. Except for some obscure fossils in the Triassic, 
the giant* club-mosses were also herbaceous, and quite com- 
parable with the modem club-mosses. These two great 
classes had passed their zenith ; the small herbaceous forms 
had the tenacity to survive right down to the present day, 
but they were fixed and gave rise to no new types. 

The true ferns were very abundant in this era ; the primitive 
Palaeozoic ferns as well as most of the tree-ferns of the Permian 
had disappeared, and a great many of the Mesozoic fossils 
can be fitted into families which still exist. It is very interest- 
ing to find, however, that some of the most abundant and 
widespread of these fossils belong to families which have now 
only a few living representatives, with a very restricted dis- 
tribution. The tropical ferns Dipteris and MaUmia of Borneo 
and Malay are the last survivors of families which in Mesozoic 
times contained various genera with many common species, 
found in the rocks of almost all parts of the world. 

The Royal Ferns, which have had a long history from the 
Permian to the present day, with a very interesting series of 



94 PLANT LIFE FROM THE DAWN OF TIME 

developments in the structure of the stem, were abundant in 
the Jurassic aifd Cretaceous, and so were the Gleichenias, 
now confined to the tropics. Several other families of ferns 
which were well represented in the Mesozoic have survived 
to the present day. This does not mean that the species, or 
even the genera, are the same ; they may have changed con- 
siderably, and we do not know the fossil remains completely 
enough to be able to compare them fully with livings forms. 
Moreover, there are many fossil ferns of this era whose affi- 
nities still puzzle us. 

PLANTS THAT HAVE CHANGED THEIR HOMES 

T he origin of the conifers is still a matter of uncertainty. 

It is commonly supposed that they were derived from the 
same stock as Cordaites^ but, though they certainly existed in the 
Upper Coal Measures, they only became abund^t during the 
Mesozoic era. All the present-day types are well represented : 
pines, yews. Araucarias and others. In addition there are 
forms which seem to combine the characters of more than one 
group, either in the structure of their wood or of their cones, 
and numerous others which belong to extinct families. Two 
instances of changed geographical distribution may be men- 
tioned : the Araucarias (which include the Norfolk Island 
pine and the Monkey-puzzle) are now confined to the southern 
hemisphere, but were formerly abundant all over the world ; 
and the Sequoias, which are known from the latter part of the 
Mesozoic and were widely spread over the northern hemisphere 
almost throughout the succeeding Tertiary era, are now 
reduced to two species (the Mammoth-tree and the Redwood) 
growing only in a narrow belt of country in California, where 
they are remarkable for their size and longevity. 

The Maidenhair-tree (Gingko) is now unknown in the 
wild state, and probably owes its survival to its cultivation in 
the gardens of Eastern temples. It is the sole living repre- 
sentative of a group which in the Mesozoic era had an almost 
world-wide distribution and showed a very considerable 
range in habit and structure. The leaves, which are more 
frequent as fossils than the other organs, may be entire or 
slightly notched and fan-shaped, like those of the cultivated 
Maidenhair-tree, or long and deeply divided, often with very 
narrow linear segments. They dways have characteristic 
forking veins, and the microscopic structure of the breathingr 
pores is always of the same general plan. Like most leaves 
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of gymnosperms, recent and fossil, they were tough and 
resistant, and are often preserved in Mesozoic rocks in a 
mummified state, flattened between the layers of sediment, 
but with the outer cuticle practically unchanged. Such 
specimens, after being removed from the rock and cleared 
by appropriate chemical treatment, can be examined micro- 
scopically ; the differences in structural detail so revealed, 
especially of the breathing-pores (stomata), have proved to 
be valuable guides to affinity. The conifers and the cycado- 
phytes (which we are about to discuss) have also been inten- 
sively studied in this way. ^ ^ 

THE FLOWER APPEARS AT LAST 

I T has been estimated that one-third of the species of Meso- 
zoic plants belonged to the cycadophytes, and even if this 
includes a number of strange forms whose real affinities are 
uncertain, we may also say that the group exhibits as wide 
a rang^ of structure as is to be seen in the seed-fems of the 
Palaeozoic. Though some of them bore cones, the fructifi- 
cations of others may rightly be described as flowers. 

In the Jurassic rocks of the Yorkshire coast one may often 
find fossils which look something like a Magnolia flower; 
they are known locally as Cliff-Roses — one of the very rare 
instances in which a fossil plant has been given a popular 
name — and their scientific name is Williamsonia, They 
usually have an outer whorl of large leafy bracts which look 
like sepals or petals, surrounding either a whorl of stamens 
or a central seed-bearing cone. In some related forms seeds 
and stamens are found together in the same flower. The 
seeds, though surrounded by protective scales, were exposed 
at their tips and not enclosed in a carpel or seed-case as in 
the familiar flowering plants of to-day. That is to say that 
they were of the “ gymnosperm ” and not the “ angiosperm ** 
type. The stamens were sometimes elaborately branched, 
and not so simple as the stamens of the higher plants. 

The flowers of Williamsoma were freely exposed on slender 
branching stems ; another group had short stumpy stems, 
and the numerous flowers were embedded among the leaf- 
bases. Many examples of the latter type (known as Cycadeoidea) 
have been found in a petrified state, and their structure and 
minute anatomy are very fully knovm. The female cones 
consisted of seeds borne on long stalks, between which were 
sterile scales whose ends enlarged beyond the seeds and fitted 
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doeely together, leaving a small opening. The whole was 
surround^ by protective bracts, and in some species the 
compaond stamens were present in the same flower. 

The general arrangement of the parts, as in WilUamsoma^ 
thus resembled that of modem flowering plants. The sug- 
gestion has therefore been made that the latter were deriv^ 
from Mesozoic ancestors like Cycadeoidea or Williamsoma — 
more probably the latter, for it was less specialised, and also 
rather older. But there are wide differences in detail, even in 
the flowers, and the other organs do not support the idea of a 
really dose relationship. Just as the seed lubit appeared in 
various groups of plants in the Palaeozoic era, so the flower 
type of fructification may have been evolved in groups which 
do not belong to what we now regard as the “ flowering ” 
plants. The analogies between a cycadophyte flower and that 
of a Magnolia (which many regard as one of the more primitive 
flowering plants) may be only due to parallel development. 
These Mesozoic cycadophytes are still a great mystery ; early 
forms belonging to the group are found rarely in the Upper 
Coal Measures, but we do not know whence they were derived, 
nor exactly how they are connected with the living cycads. 

WHAT HAFFENED TO THE SEED-FERNS? 

T he flower (which is essentially a special arrangmient of 
the fertile parts) may then have arisen in more than one 
group, and it is interesting to inquire further into the history 
of some of the organs of which it is composed. The stamen 
of a modem flowering plant is nearly always a simple structure 
consisting of a single stalked anther, but there are a few cases, 
such as die Castor-oil plant, in which the stamens are much 
branched. It is tempting to regard this as a primitive character, 
recalling the branched pollen-bearing organs of various Meso- 
zoic plants. Other fossil male organs are known in which 
each stalk bears a tuft or tasad of anthers, and these may 
have given rise by reduction to the ordinary stamen with 
one anther. The carpel or closed seed-case is so characteristic 
of living flowering plants that it has given the name Angio- 
sperm (hidden se^) to me whole group. 

Now in the same Yorkshire beds which yield the cliff-roses 
some small fossils have been found looking rather like bunches 
of currants, and on investigation each “ currant ” proves to 
be a caml containing seeds. These fossils, which Imve been 
named CayUma^ are quite unlike any known flowering plant : 
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are we then to regard them as an early isolated group of 
Angiosperms, or is this another case in which a classification 
based solely on recent plants proves a stumbling-block when 
we come to consider the fossils? We must not dlow our own 
imperfect terminology to entangle us, and “ angiospermy ** 
(the possession of a closed carpel) may well have arisen in 
Jurassic times in groups now extinct which we cannot really 
call angiosperms. 

None the less, though we do not yet know sufficient about 
this Jurassic carpel -bearing fossil Caytonia to give an answer, 
we cannot help asking ourselves whether it may not be on the 
line which led to the modern flowering plants. Whence was 
Caytonia derived ? There are several points, not only in the 
structure of the carpel and seeds, but in the associated branched 
stamens with tufts of anthers, which are comparable with 
some of the seed-ferns of the Palaeozoic. Moreover, in the 
early Mesozoic rocks of South Africa (earlier than those in 
which Caytonia his been found) there are other fossil repro- 
ductive organs which, while recalling Caytonia, are still mor^. 
like the older seed-fems. These organs are associated with 
leaves known as Dicroidium, already referred to above as 
characteristic of the southern flora in the Triassic period. 

The evidence therefore suggests that the one great group 
of Palaeozoic plants which survived in a flourishing condition 
into the Mesozoic era was the seed-fems ; that though the 
changed conditions in the north may have exterminated most 
of the Coal Measure forms, the somewhat different southern 
families continued to evolve and later invaded the northern 
hemisphere ; and that the modern flowering plants may have 
arisen from early Mesozoic seed-ferns. 

THE AGE OF FLOWERING PLANTS 

T he final great transformation in the plant-life of the 
earth — the fourth we have described — introduced the 
vegetation of to-day. The old Mesozoic flora lasted, as we 
have seen, well into the Cretaceous period, but when we 
come to the Upper Cretaceous a complete change is manifest. 
The cycadophytes have disappeared almost entirely ; the 
Maidenhair-trees are insignificant in numbers and variety ; 
there are no strange problematical relics of groups now 
unknown. Instead ffiere is an abundance of flowering plants 
belonging to families with which we are familiar at the present 
S.L.T. D 
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day. Palms, reeds, and other Monocotyledons (plants which 
have only one seed leaf) make their appearance, and there b a 
profusion of Dicotyledons (plants which have two seed 
leaves) — walnuts, willows, oaks, laurels, breadfruits, tulip- 
trees, planes, and maples among others — ^mainly trees, for 
their deciduous leaves are rather more likely to be pre- 
served, but with a good sprinkling of herbaceous plants 
too. 


“ In fact,” as D. H. Scott has said, ” if we judge by present 
evidence, it would not be surprising to find tJbat by about 
the middle of the Cretaceous period the angiosperms 
generally were developed very much as they are now so 
far as the families and even some of the genera are con- 
cerned.” 

For this same general type of flora has persisted throughout 
the whole of the Tertiary period to the pj'esent day, and it 
may be said that, botanically speaking, we are still living in 
the Cretaceous epoch. 

DARWIN'S ••ABOMINABLE MYSTERY**: THE TRIUMPH 
OP PLOWERS 

A lthough we may follow certain definite lines along which 
individual plant organs may have evolved, we do not 
yet know any fossil plants which can with certainty be regarded 
as ancestors of the flowering plants. Nor do we find that the 
first fossil forms are particularly primitive. So far no undoubted 
angiosperms have been found earlier than the Cretaceous. 
A few rare and dubious Jurassic records may be disregarded, 
and the lowest Cretaceous rocks still contain an abundant 
cycadophyte flora without a trace of Dicotyledons or Mono- 
cotyledons. But in the Lower Greensand rocks of this country 
(that is, in the later part of the Lower Cretaceous), among 
numerous fossil woods which are mainly conifers with a 
sprinkling of cycadophytes, there are several distinct kinds of 
broad-leaved trees. Leaves and flowers are not known from 
these rocks, but so far as their stem anatomy is concerned, 
the Dicotyledons were “ already highly diiferentiated in 
various directions.” 

From this time on the flowering plants gained in importance 
at the expense of the older gymnosperms. Darwin referred 
to the rapidity with which ^ey developed and overspread 
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the world as ** an abominable mystery.*' In a letter to Hooker, 
Darwin wrote : 

" Nothing is more extraordinary in the history of the 
Vegetable Kingdom, as it seems to me, than the apparently 
very sudden or abrupt development of the higher plants. 

I have sometimes speculated whether there did not exist 
somewhere during the long ages an extremely isolated con- 
tinent, perhaps near the South Pole.” 

As we have seen, the ancient continent of Gondwanaland 
included the south polar region (either as a continuous con- 
tinent or as a series of closely grouped island masses), and, 
moreover, there is some reason for thinking that the stock 
which gave rise to the flowering plants may have evolved 
partly in Gondwanaland. But further than that we cannot 
go. Polar regions have frequently been suggested as the 
original homes of various groups, but on genera) grounds 
the teeming tropics seem more likely to have cradled a new 
race. The more favourable conditions of tropical or sub- 
tropical climates would permit the survival of novelties which 
under severer circumstances might be destroyed as useless. 

THE MYSTERY OF FLOWERS* ANCESTRY 

I T is clear that the actual ancestry of the flowering plants, 
which is still shrouded in mystery, must be sought far 
back in the Mesozoic era. Their apparently rapid spread is 
a different matter, and to begin with we must note that in 
any case it took a few million years at least, which though 
geologically rapid, is slow compared with the rapidity of man's 
own evolution and spread. In the case of man, however, we 
are dealing with a single species, whereas there are now more 
than a hundred thousand different species of flowering plants. 
A second point to remember is that we are less likely to find 
records of rare and restricted plants than of those which are 
common and widely distributed. 

Two different sets of factors may be mentioned as in- 
fluencing the rise of the modem flora : first, changes in the 
physical aspect of land and sea due to crustal movement ; and 
secondly, ^e interaction of plant and animal life. About the 
middle of the Cretaceous period there was, as A. C. Seward 
puts it, 

“ a remarkably widespread marine transgression; vast 
regions which had previously been dry land were flooded 
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by an invading sea. May we not see in this sinking and 
flooding a possible influence on the course of evolution 
in the organic world, an almost world-wide interference 
with the physical environment which had its repercussion 
in the altered trend of plant development?** 

Great changes such as this must have been accompanied by 
alterations of climate, and the two together may have been 
largely responsible for the extermination of the older flora. 
As the land re-emerged a newer and more vigorous stock 
peopled it, 'suggesting that the evolutionary periods, which 
seem to alternate with periods of quiescence, are stimulated 
by great physical changes. 

The interrelationship of plants and animals is a large 
subject, but one aspect of it is very important in connection 
with the rise of the flowering plants. There is little doubt 
that the mutual adaptation of pollinating insects and honey- 
bearing flowers was an important factor in the success of 
both groups. In species the insects now outnumber all the 
rest of the animal Kingdom, just as the angiosperms form 
the most numerous group of plants. Insects were already 
in existence in the Coal Measures, but they do not seem to 
have become really important until the later Mesozoic. 
Although, of course, many flowering plants are still wind- 
pollinated, the marvellous variety and subtle mechanisms of 
all the most conspicuous flowers of to-day have obviously 
been evolved for the attraction of insect visitors and the 
insurance of cross-pollination. 

FLORA UNIFORM ALL OVER THE WORLD 

T he history of plant life throughout this last “ modem 
era,** that is, from the Middle or Upper Cretaceous to 
the present day, is intimately connected with changes of 
climate, and with the differentiation of genera and species 
rather than with the rise of new groups. Some of the old 
groups, such as the conifers, still retain a measure of import- 
ance, but this is definitely the age of flowering plants, and on 
the whole, in spite of the existence of distinct botanical 
provinces, it may be called a world-wide flora. Some botanists 
have claimed that the era of world-wide floras began to pass 
away after the Cretaceous age, but there is no doubt that if 
a geologist could look at the fossil relics of ,to-day*s vegetation 
from a distance of a few million years he would regard it ajs 
the most uniform flora that the world has ever seen. 
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Differences in detail should not blind us to the essential 
similarity of the vegetatioh all over the world for the last 
sixty or seventy million years. The various floral migrations 
and changes do, of course, make an intensely interesting study. 
Thus we may refer once more to the presence of abundant 
fossil plants m Arctic 4regions where to-day the vegetation is 
scanty or nil. At the beginning of the Tertiary period the 
flora of Greenland might be desorbed as warm-temperate, 
and temperate plants have been found fossilised as far north 
as Grinnell Land. In southern England, the Eocene flora was 
distinctly tropical. The London Clay ‘has yielded a very 
extensive series of well-preserved fossils' and seeds, particu- 
larly abundant on the foreshore at Sheppey; these had 
accumulated in the estuary or in the sea near the mouth of a 
great river, comparable to the tropical rivers of to-day which 
bring down quantities of driftwood and various fruits and 
seeds, depositing them in the mud at their mouths. 

THE LONDON CLAY FLORA 

T he commonest and most characteristic fossil of the London 
Clay is the fruit of a species of swamp-palm called Nipa^ 
which is to-day found only on Indo-Malayan coasts, but 
several other palms are known, and a whole series of fruits 
and seeds belonging mainly to tropical families. Most of 
these have not got common English names, but the general 
conclusion is that the London Clay flora was mainly of a 
tropical rain-forest type, allied principally with the living 
Indo-Malayan flora. In those times a great sea — a sort of 
extended Mediterranean — stretched from England to further 
India, and the fossil Nipa has been found at various points 
which were then on the shores of this sea. Subsequent geo- 
graphical and climatic changes have resulted in this Eocene 
tropical flora being now conned to the Indo-Malayan region. 



HALF PLANT, HALF ANIMAL : THE 
CURIOUS FAMILY OF FUNGI 


I N the last hundred years a great new science has grown up-- 
the science of Mycology. Mycology comes from two 
Greek words slime, mould, and hence any kind of 

fungus, and o Xcyoc;, study. A mycologist then is one who 
stupes moulds and other ^ngi. This study has acquired such 
great economic importance ^at many mycologists are em- 
ployed by industry and by various governments, and special 
courses in mycology are given at the universities. 

Fungi' are a group of parasitic and saprophytic organisms. 
Their Ix)die8 are made up of hyphse instead of ordinary celb, 
and they reproduce themselves by spores instead of seeds. A 
parasite is an organism that lives on other living organisms, 
^ere are many degrees of parasitism. Ivy, for example, is not 
a parasite, for though it clings to other plants by means of short 
roots, it is rooted in the ground ^d manufactures food with its 
leaves. Mistletoe is partially parasitic ; it has green leaves, but 
derives its mineral requirements from the tree on which it 
grows — ^the host-plant as it is called. These are not fungi 
because they have closely-joined cells, a vascular structure or 
skeleton, and reproduce by seeds. 

THREAD-LIKi CELLS 

TNSTEAD of the brick-like cells characteristic of the higher 
Iplants, the ftmgus body consists of tubular threads called 
hyphaj (hy rhyming with fly), Hypha are elongated thread- 
like cells, matted together in the bulkier forms like the mush- 
room, the fungi with which most of us are best acquainted. 
Mushrooms and toadstools are not parasitic but saprophytic. 
A saprophyte, from the Greek aanpoi, and ^utou, a plant, 
k a plant which grows on decaying matter, a scavenger rather 
than a parasite. The fungi with which the mycologist k 
mainly concerned are the parasites, small organisms like 
rusts, mildews and smuts which cause disease in plants. 

The Bacteria, popularly called germs, are another group 
of oi^nisms, which, though mainly saprophytic, often cajise 
disease in man and sometimes in plants. Bacteria are smgle- 
oelled. Almost all rot and decay is caused by fungi or bacteria. 
^ See pp. 47 and 52. 
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The bacteria are similar to the fungi in their modes of life 
and may be studied in similar ways. Their one-celled body 
may be round, rod-like or spiral in shape. The bacteria are, 
of course, familiar owing to the part they play in human dis- 
eases, though some human diseases, such as ringworm and 
thrush are caused by fungi. Fungi, on the other hand, more 
frequently cause disease among plants than do bacteria. It 
is in these parasitic organisms like rusts, mildews and smuts 
that the main interest of applied mycology centres. 

THE FUNGI'S UNCONVENTIONAL WAY OF LIVING 

F ungi are traditionally considered to be plants, although a 
trifle unconventional in their behaviour. For many 
years this opinion was held more by default than for any 
better reason, because decisive evidence was absent. As 
research has increased our knowledge of the group, the old 
ideas have become suspect, but the suspicion does hot neces- 
sarily commit us to the alternative of declaring fungi to be 
apimals. There is the possibility that fungi are neither plants 
nor animals in the ordinarily accepted sense of those words, 
but are some third kind of organism, and it is perhaps rather 
towards a view of this kind that modern thought is tending. 
It was thought at one time that fungi show a relationship 
to the red seaweeds because of certain resemblances in their 
life-histories. To-day, although these resemblances are 
generally regarded as being more superficial than real, the 
affinity of fungi is still thought to be closer to the plant than 
to the animal world. 

Fungi must earn their living either as parasites or sapro- 
phytes because they do not possess chlorophyll (green - 
colouring matter) and so are unable to manufacture their 
own food. From this point of view alone therefore fungi are 
not normal plants but, like animals, are dependent on green 
plants either at first or second hand, for their continued 
existence. This animal method of nutrition is not the only 
resemblance between fungi and animals, as there are some 
astonishing similarities in reproductive methods. On the 
other hand there are some fundamental differences in methods 
of construction between plants and animals that emphasise 
the plant features of fungi. 

Plants differ from animals notably in respect of the units 
of which they are composed. All living organisms arc 
composed essentially of protoplasm, but the protoplasm is in 
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tiny pieces and each piece has a nucleus that exerts control on 
its surrounding protoplasm. There is a balance between the 
size of the nucleus and the surrounding piece of protoplasm. 
In plants each piece is characteristicdly surrounded by a 
wall, often of other material, while in animals the cell or 
protoplast is often naked, though the term ** cell ” is still 
appli^ in spite of the absence of a surrounding wall. 

Some of the lowest animals consist of nothing more than 
a naked piece of protoplasm, but sometimes they develop a 
thick wall round ^emselves to make what is called an “ en- 
cysted ” form. A piece of protoplasm enclosed in this way is 
dfectively sheltered from the hazards of adverse surroundings, 
but the rate at which the process of slow combustion of food 
can proceed is thereby retarded. The effect of the cell-walls 
of plants is to enclose the constituent protoplasm so that a 
plant is almost comparable to a mass of encysted animals. 

The animal cell consists of a minute mass of protoplasm 
in which lies the nucleus, a denser part of the living substance. 
The protoplasm is bounded by the thinnest of membranes 
which is part of the protoplasm. There is nothing, therefore, 
to stop food materials — even solid particles— entering the 
animal cell. It is very different with the plant cell. As the 
plant cell grows, it surrounds itself with a solid and often 
thick wall of cellulose, through which only substances dis- 
solved in water can pass. Therefore all food supplies for the 
plant must be in solution, that is, must be dissolved in water 
before they pass into the cell. The hyphae of fungi, like plants, 
generally have a solid wall within which the protoplasm is 
contained and therefore the general construction of a fungus 
resembles more that of a plant than an animal and the fungus, 
like the plant, can only get its food supplies in solution. 

HOW FUNGI PUZZLID THE ANCIENTS 

A S might be expected, the ancient Greeks and Romans 
had Some knowledge of fungi, though naturally enough 
it would be the l^rgei; and more striking forms that would 
at first command attention, and any interest that was 
taken in the group was from a practical rather than from 
a scientific point of view. The possibilities of eating some 
kinds of toadstools, for example, became widely explored 
because of the passing of the Lex sumptuariay the law that 
forbade the Romans to eat certain costly foods. Fungi, 
products of the earth, were excluded from the operation of 



THE PLANT'S PROBLEM 


lOS 

these laws and soon became in such great demand, that a 
measure of their appreciation can be obtained from the epi- 
giammists of the time. From a practical interest also certain 
kinds found their way into the Chinese catalogue of drugs, 
though it is doubtful whether they earned this place so much 
from their curative value as from the air of .mystery which 
surrounded them. Ergot, however, a fungus parasitic on 
cereals and especially on rye, is still a valued drug in modem 
medicine that has held an honoured place from a remote past. 

At the time of the revival of learning in Europe there was 
a considerable knowledge of the larger toadstools, though 
there was still a tendency to endow them with magical pro- 
perties — almost of the kind possessed by the mushroom that 
Alice ate when she was adventuring in Wonderland. Gradu- 
ally the horrific glamour of finding them growing near 
serpents' holes and such places lapsed. Then followed the 
invention of the compound microscope, and with it a growing 
knowledge of household pests, such as mildews, helped to 
build up a better picture of the whole group. An understand- 
ing of the group, however, still eluded them, and it was 
probably a realisation of the lack of knowledge that led 
Linnaeus to give the whole lot the rather despairing title 
‘‘ Chaos 

THE BLACK SHEEP AMONG THE PLANT CITIZENS 

T o-day we recognise fairly clearly what may be called the 
true fungi and two possibly allied groups, the bacteria' and 
the mycetozoa, which in America are called “ slime-moulds.” 
The mycetozq^ are perhaps even more exciting than the 
bacteria, with their dramatic associations with human ills, 
as even more than fungi are they animals rather than plants. 
Like fungi they lack chlorophyll. The mycetozoa are found in 
one of two phases that succeed each other throughout the life- 
history of each individual. One is a “ vegetative ” phase ; that 
is, simply a mass of naked protoplasm showing a streaming 
motion. The vegetative phase is followed by a “ reproductive ” 
phase of spores (reproductive bodies analogous to seeds) that 
are formed when the protoplasmic mass breaks up and special 
spore-containers^ appear. The spores germinate and either 
form a protoplasmic mass directly, or there is an intermediate 
stage in which the germinated spores swim about independently 
until they unite to make the normal jelly-like mass (plas- 
modium). 
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Most of these organisms live either on animal excrement 
or on decaying vegetation and are important accordingly. 
For, just as the heal& and growth of a town are limited by the 
speed at which waste material can be disposed of, so the waste 
products of life have to be broken down and in this work 
mycetozoa as well as bacteria and fiingi play a part. Occasion- 
ally members of this group break the bon^ of discipline and 
become parasitic inside plants in the same way as the malaria- 
parasite lives inside man. The normal processes of the host 
are upset and disease is produced. The well-known “ club- 
root ” of cabbage plants is a diseased state produced by a 
member of this group {Plasmodiophora brasska) living in the 
root of cabbage. 

To say that bacteria are so well-known that they are in 
evei:ybody*s mouth would be merely one way of expressing 
the ubiquitous distribution of these organisms. They form 
the “ germ or “ microbe with which we are all familiar. 
But though they are so richly endowed with opportunity to 
cause disease, even bacteria have to show a balance-sheet 
to the world’s auditors, with something on the balance 
side. We find, actually, that bacteria cannot live in the air, 
and .that when present, they are merely there during transit. 
Their normal environment is soil, water, a plant or an animal 
body or one of the substances produced from them like food- 
stuffs or sewage. Their small size precludes us ordinarily 
from being aware of their presence and so they live their lives 
unobserved except for their effects. Their minuteness also 
makes them difficult to study, as while the largest may be of 
the thickness of a human hair, many are small spheres only 
one ten-thousandth of a millimetre in diameter, and can 
only just be seen individually with all the resources of modem 
scientific equipment. It is not surprising therefore to find 
that details of their structures are imperfectly known. We 
are aware, however, that while some are motionless, others 
possess locomotory organs at one or both ends of a rod- 
shaped body. 


BACTERIA'S doHPOUNP INTEREST: CELLS THAT 
INCREASE HOUR BY HOUR 

N O cell, either a bacterial organism or any other, can grow 
in size indefinitely, because physical difficulties of nutri- . 
don cause the inner portion of the cell and the actual wall itself 
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SOME SHAPES BACTERIA ARE KNOWN TO TAKE 
Bacteria are so small — some are only one ten-thousandth of a 
millimetre in diameter — that it is difficulty even with a micro- 
scopCy to he certain of their structure. The diagram shows three 
common types of hacteriay all highly magnified, 

to increase disproportionately. In bacteria this limit is 
quickly attained under favourable growth conditions, and then 
the cell divides into two. It is said that bacteria divide 
directly without a nuclear division, but other authorities 
dispute this and it may well be that eventually a normal 
nuclear division will be demonstrated for these organisms. 
A division may take place every twenty or thirty .minutes. 

It can be shown that a mass of bacteria increases in size 
according to the compound-interest law in the same way as 
a sum of money increases. Estimates based on cells dividing 
once an hour show that in two days the descendants of one 
cell would number 281,500 millions. Lack of food and the 
accumulation of waste-products prevent this rapid growth, 
and the cells will then die according to the operation of the 
same law. If bacterial growth is being held in check by the 
application of a disinfectant it is thus possible to say how 
many will die in a certain time. 

Occasionally bacteria may produce spores instead of the 
normal vegetative cell and then the thick wall of the spore 
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will enable the organism to endure conditions that would 
otherwise be fatal. The spores, for example, of the anthrax 
bacillus, a germ that causes a disease in sheep and cattle and 
at times also in man, are highly resistant to adverse conditions 
and may remain quiescent but alive in the soil for many years. 

The shapes of bacteria are important when distinguishing 
one from another, but since the investigation of bacteria has 
nearly always been made from some practical point of view, 
we distinguish them generally by the part they play in the 
world. We group them according to their effects, and so 
speak of the nitrogen-fixing bacteria which bring the free 
nitrogen of the air into combination with q^er elements; and 
group together the kinds that produce heat, such as those 
that cause hay-ricks and bales of cotton to take fire ; those 
that produce phosphorescence on decaying fish, and so on. 

The fiingi form four main groups, distinguished according 
to the way their reproductive portions are built. All fiingi 
may be said to consist of two portions, a vegetative part that 
is concerned with the absorption and assimilation of food and 
a reproductive portion containing a number of reproductive 
units, called spores. 

When a spore germinates it pushes out a small tube which 
grows and becomes a hypha, A number of threads of hyphae 
may make a felt-like mass that is vegetative and is known in 
the aggregate as the mycelium. All the bizarre shapes of 
fungi, from the ordinary mushroom shape, to puff-balls, 
truffles and the mildew that grows on bread and cheese arc 
made up of compacted masses of hyphae. The vegetative 
part of the mushroom is the mycelium or spawn that runs 
underground. The mushroom itself is the part which bears 
the spores. They are to be found in countless numbers in 
the ripe mushroom, borne on the radiating gills under the 
cap. The fact that no matter how the shape of the mushrooms 
or toadstools may vary, the spores are borne in groupfe of 
four, serves to distinguish mushrooms and their allies from 
other groups of fungi. 

For example, although completely unlike in appearance and 
possessing no massive toadstool-like spore-bearing body, the 
rusts parasitic on wheat and other cereals also bear their spores 
in groups of four and are therefore regarded as belonging to 
the same general alliance as the mushroom. 

An alternative arrangement that is characteristic for another* 
of these great^ groups is that the spores, instead of being on 
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FROM SPORE TO TOADSTOOL 
Mushrooms and toadstools^ like all fungi^ spring from spore$ 
too sm^l to be seen with the naked eye. Their whole structure^ 
including their caps, consist of tubular threads known as 
“ hyphce **, matted together into a felulike mass. 

1 free surface, are enclosed at first in small bags that tie the 
spores together in groups — usually groups of eight. Ulti- 
mately the bags burst and the spores are exploded into the 
air. Here again the range of variation of size and shape is con- 
siderable, with more or less massive plants like morels at one 
ei!d of the scale and microscopic plants like yeasts at the other. 

Both of these two groups have a number of transverse 
walls at intervals in their hyphal threads and this fact serves 
to distinguish them from the next big group that is usually 
without transverse walls. This group includes the moulds 
such as the common one that grows on moist bread. From 
the cobwebby mass that grows over the surface erect threads 
arise that cut off spores in special receptacles. Various relatives 
of this mould are of special interest. There is one, for example, 
that grows on oil cake and fodder, while another is the well- 
known “ fly-cholera,” a disease by means of which unsuccess- 
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ful attempts have been made from time to' time to provide a 
biological control of the house-fly. A number of aquatic fungi 
are also allies. The devastating disease of salmon and other 
fresh-water fish belongs to this group as also does the fungus 
that kills seedlings of plants that have been allowed to develop 
in too much moisture. Of increasing importance are some 
aquatic forms that are parasites of pond-weeds and of micro- 
scopic plants and anim^ that form part of the food of fishes. 

FUNGI THAT LEAD SECRET AND DESTRUCTIVE LIVES 

T he fourth great group of fungi is a remarkable collection 
of odds and ends, which are alike only in the facts that 
little is known about them and that they often make themselves 
great nuisances. This group is known as the Fut^ imperfectiy 
and the word “ imperfect ** implies rather that their life 
histories are extremely simple or that they appear simple 
because of our lack of knowledge of them. For example in 
many of the “ imperfect fungi ” no reproductive phase is 
known. The reproductive phase has either been omitted or 
has been lost or else remains still to be discovered. 

A large number of these “ imperfect fungi ** cross man’s 
path at various points, ^d because of the economic importance 
they have assumed they have been subjected to detailed 
examination, with the result that some have been shown to 
be stages in the life-history of “ perfect ” forms. It is prefer- 
able to use the term “ perfect ” stage rather than to speak of 
a sexual stage, for, as will be shown later, the problem of sex 
in fungi is so complex that the subject is even more difficult 
tl^an it is in human life. 

SEX OR NO SEX? THE ELUSIVE 
SINGLE FUNGUS 

S OME interesting problems connected with the power of 
vegetative reproduction arise in fungi. Notably there is 
the difficulty of defining the limits of the individual, and a 
rather arresting one that arises out of this is the development 
of the capacity for death. Let us consider the first problem. 
It is a characteristic of the group of Fun^ Imperfecti that they 
reproduce themselves by vegetative bodies that can, if neces- 
sary, endure a surprising amount of barbarous treatment.' 
Even in the other groups we find that the vegetative method 
of reproduction is retained throughout as an alternative to the 
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sexual method and operates when the conditions of the 
environment are suitable. In fact we almost think that the 
fungus hesitates to indulge in sexual reproduction unless 
some particularly unpleasant surroundings threaten the 
extinction of the organism. Note how death and reproduction 
are at once closely related even if only as alternative possi- 
bilities. 

If we are examining under a microscope a confused mass 
of hyphae and reproductive spores it is difficult to say where 
any individual fungus begins and ends. Then, when we 
remember that a number of apparent individuals (if we can 
determine their limits) can exist together at the same time in a 
colony, all having originated from one spore, it is obvious 
that the term individual may take on a new meaning. We 
have indeed what is known as the problem of the “ greater 
individual.” A similar occurrence is found frequently in 
horticultural practice where garden strains are reproduced 
vegetatively, for instance, from “ cutting ” or “ slips.” All 
the plants come from one original plant, so that all the plants 
may be regarded as being part of the original one. The 
term “ individual ” may thus be applied to one plant in your 
own garden or to all the plants in everybody’s garden. 

When we are thinking of individuals in terms of trees it is 
sometimes possible to distinguish between the greater individual 
arid the particular individual , but when we are dealing with a 
mass of microscopic fungus growth the problem becomes 
well-nigh impossible of solution. We can, however, look at 
it in this way. The term individual is one that has a fairly 
definite meaning when we apply it to ourselves, and it is 
possible to think of a number of fungi in which it would have 
as definite a meaning. For example, we can think of a spore 
of a mushroom that has been produced by a kind of sexual 
process, germinating and producing hyph«, making up the 
mass of mushroom ” spawn ” that the botanists call the 
mycelium. All the products from the one spore would make 
up one individual. 

THE FUNGI'S EXPERIMENTS IN REPRODUCTION 

I NDIVIDUALITY is thus some quality that becomes distin- 
guishable only with definite sex, and in its absence we 
should be attempting to apply a label that cannot properly 
be applied at all. Our problem then is solved for practical 
purposes, so far as any solution of so complex a matter is 
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possible, '^en plants are reproduced vegetatively there is 
no such thing as an individual, and so death of an organism 
is not possible until individuals become differentiated as sepa- 
rate entities. We have become so accustomed to the idea of 
reproduction following sexual fusion that we regard them as 
cause and effect. But other organisms have other methods, 
and frequently these two processes are not so intimately 
related as they are in ourselves, and there may even be an 
appreciable time interval between the two. In general, it 
would appear that the more organisms have developed special 
parts of themselves to serve for special purposes, the more 
closely are sex and reproduction related. 

In fungi almost any part can perform the function of any 
other part and frequently reproduction is purely vegetative. 
Almost any odd piece can regenerate an entire organism. 
Even when organisms are fully developed, however, and are 
made up of a number of complicated parts such as those of 
which the human body is made, at the moment of reproduc- 
tion they concentrate all their possibilities into one cell, as it 
is only in a one-celled stage that the sexual fusion that pre- 
cedes reproduction can take place. In fungi something even 
less clearly marked than this occurs. It seems almost as though, 
in fungi, sex itself is in an experimental phase, and that 
various methods are being tried. 

FUNGI WITH SIXTY-FOUR SEXES 

T he problem of individuality that we have -discussed was 
shown in some respects to be only one aspect of a wider 
problem of reproduction. It has been insisted that fungi have 
two methods of reproduction ; one, vegetative, the other 
requiring some kind of sexual fusion. Now sex and sexual 
processes are things that defy definition. Normally we expect 
a sexual process to involve some kind of fusion of two cells 
that we term male and female. Our confidence in this theory 
is born of some acquaintance with our own bodies ; it is 
useless, however, to take a set of ideas devised for ourselves 
and apply them to organisms like fungi with any hope of an 
accurate fit. In fungi, reproduction can, as we have seen, 
exist apart from sex. In as much as these two processes are 
not virtually one in fungi, we must enquire whether sex 
itself is less specialised in this group than it later becomes. 
We are so accustomed to two kinds of animal — male and female 
— between which fusion occurs, that we think of sex in terms 
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of the reproductive cells of two sexes. But conditions in 
fungi are so erratic that sixty-four or more kinds may exist. 
In one of the higher animals, when an egg-cell is ripening, 
small pieces of its nucleus are thrown away, so that eventually 
the cell becomes a concentration of protoplasmic material. 
A male cell on the other hand forms a number of very small 
cells, each one of which is little more than an active nucleus 
provided with a tail. The tail is a very necessary part of the 
organisation, because the male has to undertake an adven- 
turous journey in order that it may reach its nemesis of an 
egg-cell. 

Fusion of eggs and sperms rarely occurs in fungi, though 
what amounts to the same thing frequently happens ; that is, 
the fusion of the nucleus of some small body with that of a 
larger one. Often a portion of a fungus hypha is cut off from 
the rest and becomes differentiated into what functions as an 
egg-cell and is therefore called the female part. Then quite 
commonly from a neighbouring portion a tube grows out 
and fuses with the female part. Because of this action the 
small tube that grows out is regarded as the male. The two 
nuclei fuse, so that we may be watching some kind of sexual 
process, though it is not the well-marked affair of the “ higher 
animals. 

Variations on this theme occur throughout the fungi. 
Rarely does the male nucleus have any extensive journey to 
undertake outside the limits of the fungus wall, while some- 
times as in rust-fungi there is a fusion of nuclei between 
neighbouring cells, that can hardly be regarded as, and which 
probably is not, sex at all. Acrimonious discussions on this 
particular point have raged round the nuclei of rust-fungi. 

HOW A FUNGUS EARNS ITS LIVING 

I N the same way as a certain number of mineral substances 
and chemical elements are necessary to the life of green 
plants, so fungi are unable to live without most of the same 
substances. Analysis shows that phosphorus, potassium and 
nitrogen are required, but quite tiny quantities of other sub- 
stances also are necessary for growth. The fact that iron is“ 
concerned in the formation of the green colouring matter of 
flowering plants led to the assumptiofi that no iron is neces- 
sary in fiingi from which the green-colouring matter (chloro- 
phyll) is absent. But when tests were made, it was found that 
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BACTERIA^S PLACE IN THE "NITROGEN 
CYCLE " 

Certain bacteria which convert nitrogen derived from the atmo^ 
sphere into soluble substc^nces that can pass into soil^ perform 
a useful service to mankind in thus preparing food-material 
for the higher plants. The " nitrogen cycle and the part 
played in it by what are known as the " nitrifying " bacteria, 
is here shoum in diagrammatic form. 


small quantities of iron are essential, and that iron cx)uld also 
act as a growth stimulant. The chief food of fungi is provided 
by the material forming the living or dead bodies of plants 
and animals. 

This property of converting atmospheric nitrogen into 
soluble substances that can difl^se through a cell-wall is one 
of the most important of biological processes, and amongst 
the “ nitrogen-fixers,” as they are called, particular mention 
must be made of the nodule organism which occurs in the 
nodular swellings on the roots of plants of the pea and clover 
family. When the seed of a clover plant germinates, the root is 
at once attacked close to the tip by nitrogen-fixing bacteria 
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which enter the root hairs, multiply rapidly and form shiny 
cords and make pockets in the root. About the time the plant 
flowers, the majority of the bacteria are absorbed by it, but a 
few are returned to the soil and provide for the re-infection of 
the next generation of plants. The “ fixation of atmospheric 
nitrogen by the nitrogen fixing bacteria of the scfil is of great 
importance to agriculture and indeed to the fertility of the 
whole earth. 

THE **TAME** FUNGI THAT HELP TO MAKE OUR REER 

T he power of fungi to decompose this or that organic 
substance, sugar, starch, cellulose, fat, alcohol, protein, 
etc., depends on their ability to produce those agents of specific 
chemical change which are known as enzymes. Enzymes are 
not peculiar tJTfungi. All living things possess them but fungi 
often provide magnificent large-scale examples of enzyme 
activity in the processes known as fermentation. The fungus 
yeast converts sugar into alcohol. The change is brought about 
by enzymes. Another fungus changes alcohol to acetic acid : 
a fungus-like organism produces the enzyme tfiat does it. 
An enzyme is a substance which, though it takes no permanent 
chemical part in the change it produces, is lievertheless a potent 
agent of diat change. Minute quantities of an enzyme can so 
speed up the rate of a given chemical change that large quan- 
tities of the end product of that change are produced and hence 
the importance of enzymes in industry : brewing and the like. 
The yeasts may be taken as examples of fungi which do spec- 
tacular work by means of their enzymes. 

Yeasts are single-celled plants that do not usually form a 
thread-like spawn of the kind produced by the mushroom, 
though they can be induced to do so under special conditions. 
They possess the faculty of converting sugars into alcohol and 
carbon-dioxide. The yeasts are of many kinds. Some act on 
only a few kinds of sugar and others on many kinds. 

The beer yeast consists of a number of race? that arc 
termed bottom and top yeasts according to whether they 
live within the liquid at the bottom or at the surface. When 
they live at the surface, they cause a brisk fermentation with 
a largq amount of froth. The “ head ” of Munich lager-beer 
is a .product of top-yeast activity. The yeast of beer is found 
only in cultivation, but the wine yeast is a wild species living' 
normally on the outside of grape skins. The flavour of par- 
ticular wines is due to the particular variety of yeast used to 
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HOW MOULDS AND YEASTS REPRODUCE 

Moulds possess special filaments in which spores arejormed ; 
yeasts^ of which there ate many kinds^ give off ht^ bud$ 
which in time produce^new chains 0/ organisms. 

ferment the grape juice. Every wine district seems to have 
its own particular form of yeast with a different kind of growth. 
Some yeasts, like the Burgundy and Champagne forms, settle 
quickly and leave a clear liquid while others remain suspended 
for a long time and take a long time to settle. Sometimes 
unwanted fermentation occurs and turbid diseases of beer 
result from the presence of unwanted yeasts. 

THE LITTLE BACILU THAT MAKE THE BREAD RISE 

T he cultivated yeasts are probably among the oldest of 
all cultivated plants, as even in biblical times there was 
a distinction drawn between unleavened bread and leavened 
bread that had been “ raised by yeast. The leaven was a 
lump of dough kept from one baking to the next and con- 
tained the active yeasts, while unleavened bread was simply 
the tough mass produced by mixing flour and water and 
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then baking the mixture. One of the old methods of obtaining 
yeast for baking was that known as salt-raising/* by which 
salt was adc^d to milk so that the bacteria of £e sour milk 
were delayed in development until the yeasts from the air 
could develop. Modem investigation of salt-raising, 
however, declares the action to be produced by bacteria. 

To-day the baker does not have to rely on brewers’ yeast, 
nor the housewife on chance fermentation by wild forms, 
because “ pressed-yeasts ” are produced commercially. Grain 
of either rye, wheat or barley is malted as in brewing, the 
process being stopped by heat at the right point when all 
the starch in the grain has been converted to sugar. The 
mash is then soured with acid and filtered and the resultant 
liquid, called a “ wort,” is inoculated with yeast. After 
growth the yeast is filtered and pressed into cakes. 

Yeasts are not the only fungi concerned in fermentation ; 
in fact in recent years many fungi have tended to assume 
importance in many industrial processes of which the time- 
honoured production of alcohol is only one. Citric acid is 
produced by the fermentation of sugars with one of the com- 
mon ” mildews ” called Aspergillus, and for a long time 
alcohols and vinegar have been produced on an industrial 
scale by means of the fermentative properties of bacteria. 
The use of bacteria in industry is, however, so specialised 
that it is #subject in itself. To show how wide are its possibi- 
lities it is only necessary to mention that the whole of the 
rubber industry depends on the fact that the milky-juice of 
the rubber tree is coagulated into rubber by a special bacterial 
flora. 


GERMS THAT HELP TO RUN OUR CITIES: GUARDIANS 
OP THE WATER SUPPLY 

Q uite apart from their uses in industry and their rather 
spectacular relations with human diseases, bacteria are 
important in everyday life. They cause foodstuffs to go bad, 
they sour our milk, “ make ” a cheese, and more notably 
still, they purify sewage. Indeed, we might almost say 
that without the bacterial processes by which sewage is 
purified, the civilisation of our big towns would be impossible. 

It is obvious that crude sewage will contain very nearly 
as many bacteria as it is possible for it to hold. Under 

E roper conditions of storage the bacteria will kill themselves 
y using the available fo^ materials and give as a result 
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water chat is perfectly clear, and valuable substances that are 
used as fertilisers. The supply of pure milk has perhaps focused 
attention on bacterial activity in a way that nothing ebe 
could have done : we are told everywhere that milk has been 
“ pasteurised,” by which we understand that it has been 
subjected to a process of sterilisation which kills a large 
number of the bacteria normally contained in it. Further, 
we are told milk is supplied from ” tuberculin ” tested 
cows, by which we understand that the cows have been 
examined for the amount of tubercle bacteria they contain. 
We assume from the results obtained that our daily milk 
supply will not be infecting our bodies with large quantities 
of bacteria that will cause tuberculosis. 

HIPDEN AND INSIDIOUS GUESTS: THE FUNGI THAT 
EAT OUR HOUSES 

S UFFICIENT has already been said to indicate how closely 
the existence of microscopic fungi and bacteria are bound 
up with our daily lives. But the method in which they impinge 
on our domestic activities is no less startling. The whole 
process of cooking, for example, has as one « of its objects, 
not merely the rendering of food more digestible or more 
palatable, but the sterilisation of it by the application of heat, 
so that it can be kept for a longer period before “ going bad.” 
“ Going bad ” is much more bacterial or fungal decay than 
an actual chemical breakdown of the food substances. We 
have to obviate the effects of fiingi and bacteria in various 
ways. Tea is a dried leaf ; if kept moist it will develop an 
abundant growth of micro-organisms, and it is possible 
occasionally to find mildew developing inside the tea-caddy. 
The bottling of fruit depends for its success on sterilising the 
material by heat. When jam is made the product must have 
so high a concentration of sugars that micro-organisms are 
unable to grow in it. 

** LEPROSY OF A HOUSE’* 

S OME mention should be made of fungus diseases that can 
assail the actual fabric of a house. If a house is damp, 
mildews will grow on the wall-paper and on pictures and 
books. They will cover boots in an undisturbed cupboard 
and will attack curtains, cretonne covers, furniture, towels 
and dusters. The sinister “ dry-rot ” disease of timber, 
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which is csiised by a fungus, is one that often proves ei^nsive 
to harbour. It is invariably a product of damp conditions, as 
like ail other fungi it cannot grow unless it is supplied widi 
certain minimum quantities of air, moisture, heat and food 
materials. The food material is the woodwork of the house, 
and from the point of view of the fungus all timber in a house 
is as one, whether k be a joist, floorboard, wall panelling or 
ceiling-lath ; all can be attained unless protected by a layer of 
creosote or some other preservative. 

HOW PROLIFIC NATURE SPREADS THE 
FAMILY OF FUNGI 

T hb methods by which the spores of fungi are dispersed 
are both interesting and varied. Normally the spores 
are small and can travel long distances by air, and such 
distribution is only prevented by the natural barriers of 
mountains and seas. Small areas of water usually form no 
hindrance to traveL 

The normal method of dispersal of spores of toadstools is 
by means of air-currents. The spore-bearing surface forms a 
lining to the gilk on t^e imderside of a ^adstool and the 
spores are first shot from the surface into the tiny space 
between neighbouring gilk. The spore then begins to fall 
vertically under the influence of gravity until out^de the 
region of the cap where it k taken up by air-currents. It 
will be seen that it k important for a toadstool' to maintain 
a perfectly erect position, otherwise a spore on its downward 
journey might foul a portion of an adjacent gill. The dk- 
charge of spores from an ordinary toadstool may continue 
night and day for a week or more. 

Some of the hard bracket-fungi which grow out like shelves 
from the side of trees are perennial and instances are known 
where a fungus has developed year after year in the same 
place for over eighty years. In fungi of thk type the spore 
discharge may proceed continuously for perhaps a month 
every year, llie total number of spores discharged reaches 
cotossal figures. 



THE HUMBLEST CITIZENS OF 
THE ANIMAL KINGDOM 


Y^ROM the study of plants we now turn to consider the next 
highest group in the scale of living things — the animals. As 
the science of Botany tells us how plants are builty how they 
grow and feed and propi^ate^ where they may be found and how 
they may be distinguimed from each other, so Zoology deals with 
the animals. We shall see, in the sections which follow, how 
animals are equipped to meet the conditions of their environment 
and how they ^apt themselves to changes. We shall learn of 
their*’ struggle for existence against their enemies, both man and 
beasf, of the special abilities and characteristics which enable 
us to divide them into groups, and of how they use them ; how 
they care for their young, and how the young reach maturity ; 
and finally how animals have evolved throughout the ages. 
Beginning with the lowest forms of animal Hfe, the sponges, 
star-fish and so on, we go on to consider that curious assembly 
called Arthropods, among which are the insects, spiders, crabs, 
centipedes arid other familiar creatures. Going higher in the 
scale we come to the backboned animals — birds, beasts and 
fish — including the highest form of all — the mammals. In this 
section some of the greatest glories of the Animal Kingdom are 
described. 


ASTONISHING GUMPSES 

Y " tiE subsequent chapter “ The Social Life of Animals ” deals 
^ with the extraordinary community life of creatures such as 
the ants, wasps, and termites, with their complex cities, their 
social castes, their roads, gardens, flocks and paying guests. In 
“ When Life Began is unfolded the story of the animal Hfe of 
millions of years ago. Here we discover from what bizarre 
ancestors some of the most familiar of present-day animals are 
descended, and we catch astonishing glimpses of the mammoths 
that were sovereigns of the earth before the advent of man. 
Finally, after a succuding section on the working of the human 
body, the problem of how certain characteristics are transmitted 
from parent to offspring, and sometimes from more remote 
ancestors, is eoumined in the section on Heredity, where also 
the mechanism that determined these phenomena is explained. 
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In popular lanj^age an animal is somethin|j[ that moves on 
four legs and has its body covered with hair. Thus dogs, 
rabbits, bears and lions are animals ; but the rest of 
Animal Kingdom is divided into birds, fishes, insects and a 
number of ill-defined and ill-conceived groups to which the 
layman pften finds difficulty in giving a name. It may not be 
without profit, therefore, to emphasise at the onset that the 
Animal Kingdom includes a host of diverse creatures ranging 
from microscopic organisms, the bodies of which consist 
only of a single cell, to leviathans such as elephants and 
whales ; and that, strictly speaking, these microscopic one- 
celldd creatures, together with a multitude of other lowly 
beings, rank equally with fishes, birds, insects and the quad- 
rupeds as animals. Even man himself is compelled to 8wallo\v 
his conceit and admit that he is no more than a close relative 
of the beasts of the field. ^ 

Roughly speaking, an animal can be defined as any living 
organism capable of moving about, feeding on solid food and 
having an obvious nervous or muscular reaction to various 
stimuli ; or perhaps we could better express this last quality 
by sapng that an animal possesses in a greater or lesser 
degree one or more of the senses — ^taste, sight, smell and 
hearing. And although there are exceptions to this, especially 
among the lower animab, the definition does serve as a broad 
means of distinguishing between the two great groups of 
living things — ^the Plants and the Animals. 

The next point which should be emphasised at this juncture 
is what may be best described as the evolutionary sequence 
in the classification of animals, the manner in which they can 
be arranged in a series of increasing complexity. This sequence 
corresponds closely to that revealed in the fossil remains of 
animals as we progress from the oldest rocks down to the 
present day, and is probably closely comparable to the order 
and manner in which the higher animab have been evolved 
from simple and lowly ancestors. Thus, starting from the 
unicellular organisms, we have the Sponges, the Coelenterates, 
including sea-anemones and jelly-fishes, animab with a very 
low grade of nervous system, without brain or any real cen- 
tralised sense organs, and differing markedly in appearance 
and behaviour from the more familiar animab such as fishes, 
birds and mammals. 

The next step takes us to that ill-assorted group commonly 
referred to as the Worms. These have a centralised nervous 



THE HUMBLEST ANIMALS 


123 

system, a rudimentary brain and definite sense-organs, while 
other details of their anatomy, the intestine, for example, 
bear a strong resemblance to those of higher animals. Follow- 
ing them, the Molluscs, Insects, Fishes, Reptiles, Birds, 
Mammals and Man form so obviously progressive a series, 
even to those uninitiated in the study of Zoology, that there 
is little to be gained by pursuing the subject further. 

In the following pages, therefore, the various members of 
the Animal Kingdom will be dealt with in this sequence and 
some attempt will be made to bring out the salient features of 
their anatomy, behaviour and relationship to each other. 

AMOEBA: THE ANIMAL THAT IS NOT WHAT IT SEEMS 

W HAT is Amoeba? It is one of the one-celled animals al- 
ready referred to and may be readily taken as our starting- 
point in the sequence we are to follow : it is one of the simplest 
animals known, but is not so simple as it is often held to be. 
Amoeba is usually described as “ a colourless, shapeless speck 
of protoplasm, found in any fresh water, even in the supply 
cisterns of houses.” Nearly every book devoted to natural 
history, and every book devoted to biology or zoology, says 
much the same thing about it. Yet Amoeba is a fraud, or 
rather, some who write about it are unintentionally fraudulent 
and the popular conception of Amoeba is not altogether 
correct. In the first place, -Amoeba is not colourless. It 
is nearly transparent, but not colourless. Secondly, it is not 
shapeless, although its shape is constantly changing. And 
thirdly, it cannot be found in just any fresh water — ^least of all 
in cisterns ; and those who set out to look for Amoeba are 
likely to meet with many disappointments before, perhaps 
in some small pool or pond, they find it after much pains- 
taking search. 

But an even greater complaint has yet to be made. In the 
early days, when the doctrine of evolution was taking concrete 
form. Amoeba was a perfect godsend to the scientist. It was 
a form of life that approximated closely to his idea of what 
the first living matter to appear on the earth looked like. It 
S5rmbolised to him the primeval blob of jelly from which all 
living matter was assumed to have arisen, and whose evolution 
through the ages culminated in the advent of man himself. 
In this way it served a useful purpose, but this use of Amoeba 
is now obsolete. Though a very lowly, very primitive organism, 
it is a well-developed animal with specialised organs and a 
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Amoeba^ the most primitive form of animal we know^ consists 
ef a single cell and is a rounded mass of protoplasm too small 
to he seen without a magnifying glass. As the diagram shows^ 
it eats simply by flying round its food. 

complex structure, and resembles to only a very slight degree 
the original speck of protoplasm from which all living matter 
is assumed to have sprung. For really low forms of life we 
have to turn to the bacteria, the lowest forms of plant-life, 
and by comparison with these Amoeba is a well-advanced 
organism. Once we have disabused our minds of the old 
conception of Amoeba we are in a position to realize that the 
lowest forms of animal life known to us have already reached 
quite an advanced stage in evolution. 

The bodies of the great majority of animals are built up of 
thousands or even millions of living cells, each one of which 
bears a strong resemblance to the body of Amoeba — in structure 
at all events, though not always in behaviour or appearance. 
The white corpuscles of the blood, for example, are really 
nothing more than Amoebae imprisoned within our blood- 
vessels. It may, therefore, be of interest to consider closely 
the structure of ^e single cell that makes the body of Amoeba.' 



AMCEBA 


I2S 

The cell is, when at rest, a rounded mass of protoplasm, vis- 
ible only under a strong hand-lens or under a microscope, with 
the interior granular, and suggesting, when magnified, a jelly 
impregnated with sand-grains. At the centre, or thereabouts, 
is a rounded body, the nucleus, which is the seat of control 
As the animal moves, the substance of the cell is thrown out 
into finger-like processes, called pseudopodia, and the animal 
moves in a creeping way. 

A CREATURE THAT FOLDS ITSELF OVER ITS POOD 

L iving as it does at the bottom of muddy pools the animal 
jis constantly coining into contact with all manner of fine 
organic debris and particles of mud. The indigestible mud is 
ignored, but the organic matter is ingested simply by the proto- 
plasm flowing round it and engulfing it. The fact that a selection 
is exercised in the matter of what is and what is not taken in, 
points definitely to a sense of taste in Amoeba, however feeble 
this sense may be. Once inside the body, a rounded space 
forms about the food particle and digestive juices are poured 
into it from the body proper. When digestion is completed, 
the indigestible remains are got rid of by a very simple process; 
the Amoeba simply flows away from it. 

An imitation of this simple animal can be made by mixing 
various fats and oils and allowing drops of the mixture to 
fall on a damp surface of glass. These artificial Amcebas 
move about in the same way as the living Amcebas and in 
appearance at all events are strikingly like them, but they 
cannot feed or reproduce themselves, and in this is demon- 
strated the fundamental difference between living and non- 
living things : non-living things can never reproduce them- 
selves. It is true that reproduction in Amoeba begins with an 
extremely simple process, a mere splitting in two of the original 
body to form two new individuals. It is no complicated union 
between two parents to produce an offspring, but a simple 
fission of the parental body. In other words, in this lowly 
animal we approach, theoretically, very close to true immor- 
tality since there is neither birth nor death in the sense used 
of liigher animals. 

ANIMALS MADE OF A SINGLE CELL 

T he number of ahimab which, like Amceba, have a body 
composed of a single cell only is legion. Many are found 
in fresh water, and an even greater number in the sea, where 
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A SIMPLE CREATURE THAT IS NEARLY 
IMMORTAL 

The one-celled Amoeba knows neither birth nor natural death* 
When it reproduces^ its nucleus first divides into two, each 
going to opposite ends of the cell. Later the cell itself divides 
completely, thus giving two single-celled Amoebas, 


the surface is often rendered phosphorescent for miles by 
the presence of vast shoals of Noctiluca, representing teeming 
millions of these animals. Some idea of the enormous quan- 
tities of unicellular animals that have inhabited the world in 
past times may be gained from the fact that many of the 
large masses of rock composing the earth's crust are composed 
almost exclusively of the limy skeletons of Protozoa, as all 
one-celled animals are called. The Nummulitic limestone, 
extending in a wide belt across Northern Africa, from the 
stone of which the pyramids were built, is a case in point. 

Even to-day extensive deposits of similar skeletons cover 
the bottom of the sea for thousands of square miles, and the 
sandy beaches at many points on our coasts and the coasts 
of other countries throughout the world are composed mainly 
of the shells of Foraminifera, a group of unicellular animals. 
These shells are of surprising beauty and diversity, and fe^ 
more fascinating diversions can be found than to examine a * 
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handful of sand under a strong hand-lens or under the micro- 
scope and to see the beautiful shells of Foraminifera among 
the sand-grains. 

To a lesser extent, we may gain some idea of the infinite 
variety and the vast numbers of the Protozoa in the world 
by simply taking a dipping of water from practically any 
pond or stream, or, for the matter of that, from any stagnant 
pool or water butt, and examining a drop of it under a micro- 
scope. In it we shall see numerous small animals, some 
spherical, some oval, others pointed at each end. Some are 
crawling about with a slug-like motion, others swimming 
round and round, propelled by a coating of fine protoplasmic 
hairs covering the body, others moving forward in a straight 
line drawn along by a vortex created by the lashing of a single 
long, whip-like thread of protoplasm. In fact, a single drop 
of such water is as abundantly peopled with these unicellular 
animals as any garden is with insects. 

Not the least important of the Protozoa are those .that have 
forsaken a free existence for one parasitic in the bodies of 
other animals and of plants. Some of them do little damage 
to their hosts, but others are responsible for some of the 
most damaging and widespread diseases known to us. 
D)rsentery, for example, is caused by the presence in the in- 
testine of hosts of unicellular animals very closely related to 
Amoeba. Malaria is due to the invasion of the blood cells by 
Protozoa that periodically set up a poisoning of the system, 
while sleeping sickness is the result of an i^ection of Try- 
panosomes, another group of Protozoa. 

STRANGE ANIMAL: THE BATH-SPONGE 
AND ITS THOUSAND RELATIONS 

T he next group of animals to be considered consists of 
the Porifera, or pore-bearing animals ; also known as the 
Sponges, although the word sponge ^should probably be 
restricted to one only of these animals — ^the Bath-sponge. 
Indeed, in the minds of most people there is only one thing 
meant by this word : the familiar article of toilet use. But in 
actual fact, and using the word in its more liberal sense, it 
includes some ten thousand or more different kinds of animals. 
All of these live in water, and most of them in salt water. 
They are found in large numbers all over the world, in the 
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shallow seas as well as the ocean deeps ; in ponds, streams 
and rivers, even to the lakes formed in tiie craters of extinct 
volcanoes ten thousand feet or more above sea-level. Their 
form is varied, from thin crusts growing on rocks and sea- 
weeds, to irre^ar masses, often several feet across. Many 
are fan-shaped, or branching and looking like leafless trees. 
Others are cup-shaped, funnel-shaped or tubular. Those 
growing in the shallow waters are coloured in a variety of 
hues and rival in this respect the better-known corals. 

The bath-sponge, as we know it in the home, is merely the 
skeleton of a once living animal, which in life was covered by 
a jelly-like flesh and a tough purple skin ; and although so 
many different kinds of sponges are known, only the one is 
of commercial value. In most of them the skeleton is built up 
of minute bodies, known as spicules, composed either of 
lime or of silica, and these spicules, although exhibiting a great 
beauty of form when examined under a microscope, render 
them useless for the usual purposes. To wash with them 
would be akin to washing with a handful of very minute 
tin-tacks. There are many, it is true, which have a fibrous 
skeleton, but only in one case, that known and used as a 
bath-sponge, are the fibres sufficiently fine and delicate to 
allow of vigorous contact with the human skin. 

Sponges in life show little sign of activity and are, more- 
over, extremely plant-like in appearance. Consequently, it 
was a very long time before scientists could make up their 
minds whether they should be regarded as plants or animals, 
and it was not until the discovery that they were in a state of 
constant activity that anything approaching a decision was 
arrived at on this point. Anatomicdly, sponges differ markedly 
from any other group of animals. In place of the usual mbuth 
and digestive tract, which is a feature of practically all other 
animals, the body is fed through a complicated system of 
fine canals. Water is drawn in through numerous minute 
pores in the skin and makes its way through the body of the 
sponge and out agaii\ through a number of larger, ciater-like 
vents at other points on the surface. The motive power is 
supplied by numbers of cells grouped at various points along 
the system of canals, which, by the lashing movements of 
long protoplasmic threads extending from their upper sur- 
faces, draw water in through the pores and drive it out again 
through the vents. In other words, sponges are living pump** 
ing-stations, and the water during its course through the* 
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body of a sponge gives to the animal oxygen and food particles 
and carries out with it all effete matter. 

HOW SPONOIS GET NEW BODIES FOR OLD 

O NE of the most interesting features of the behaviour of 
sponges is their truly remarkable power of regeneration. 
If we take a piece of living sponge and squeeze it through fine 
silk, the cells composing the tissues will become completely 
separated from each other and will flow through the pores of 
the silk in the form of a fine emulsion. When this emulsion 
is examined under a microscope the separate cells can be 
clearly seen, but a remarkable change has taken place in them. 
Instead of having its distinctive shape, according to its func- 
tion, as it has in the undamaged sponge, each cell has become 
irregular in outline and is seen to be wandering about on 
its own. 

A still more wonderful thing is yet to happen, however. 
If we take a few drops of this emulsion as it flows through the 
silk, place it in a small vessel containing sea-water, and watch 
it at intervals under the microscope, we shall see that after a 
time the cells have ceased their disordered wanderings and 
that they have begun to congregate together in a loose mass. 
In the course of a few hours this loose mass gives place to a 
small irregular mass of jelly, and if we now leave it for a 
longer period, we shall find on our return that this small 
mass has become a complete sponge. Guided by some 
influence which we can no more than doubtfully guess at, 
the various cells have come together again, after a brief spell 
of independence, have each t^en on a definite place and a 
function, with the result that a complete new sponge is 
created out of the disintegrated remains of the piece originally 
taken. 

In other words, the cells of sponges are capable of assuming 
the form and behaviour of independent Amcebas for a brief 
space of time, but ultimately are compelled to come together 
for mutual well-being. If then the first animals in the 
world were something in the order of the present-day 
Amoeba, it is probable tiiat we have in the behaviour of sponge 
cells a suggestion as to how the many-celled animals were 
evolved from the one-celled, by a co-operation on the part 
of separate and independent celU and a living in harmony for 
the welfare and progress of the race. 

S.L.T. 


F 



XJO 


THE HUMBLEST ANIMALS 


THE MANY-ARMID HYDRA OP OUR PONDS 

^|nHE recuperative powers of sponges are shared to a hardly 
A lesser degree by a few other of the lower animals. There 
is, for example, a small creature to be found living on the 
leaves and stems of the plants growing in our ponds which 
goes by the short and elegant name of Hydra. Whether so- 
called because it lives in water or whether on account of a 
resemblance to the Hydra of Greek mythology is not known. 
If, however, the lattet is the case the name is doubly apt. 

According to the legend, it fell to the lot of Hercules to 
conquer a loathsome creature living in the marshes which, 
in addition to its other terrifying attributes, possessed 
nine heads, each capable of inflicting considerable injury on 
anyone attacking the owner. Each head was carried at the 
end of a long neck and, to make matters worse for those who 
incurred the creature’s wrath, as fast as one head was cut off 
another grew in its place. The Hydra of our ponds, though 
doubtless as formidable an enemy to the smaller creatures 
with whom it shares the pond, is from a human point of view 
inoffensive and innocuous. It can, on the other hand, replace 
lost parts with something approaching the ease displayed by 
the monster of the legend. This power, which is called 
regeneration, is strongest among the lower animals and is 
gradually lost as we ascend the animal scale — that is, as the 
organism becomes more complex and highly organised, until 
the only vestige of it left is the ability of wounds to heal 
themselves. 

The body of Hydra is built slightly more on the plan 
familiar to us in the higher animals than is that of a sponge, 
but even so is sufficiently peculiar to merit some attention 
being paid to its structure. There is a definite digestive 
cavity and a mouth, but that is all, and the waste products of 
digestion are passed out through the mouth. Further, instead 
of three sets of tissue being present, as in practically all multi- 
cellular animals, there are only two. Hydra may, therefore, 
be described as having a tubular body, the wall of which is 
composed of two layers of cells. The cavity of the sac so 
formed constitutes the digestive cavity, and while there is a 
mouth at the upper end, the lower end is completely closed. 
Food is captured and conveyed to the mouth by tentacles 
grouped in a ring on the siunmit of the body aroimd the * 
mouth. 
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THE MANY-ARMED HYDRA 
Slightly more complicated than Amceba, the Hydra is still 
a very primitive animal. It is here cut in half to show its 
digestive cavity and mouth, the only internal organs it 
possesses. Its waving tentacles are armed with poisonous 
stinging cells with which it paralyses its living food before 
drawingit into its mouth and digesting it. 

CREATUMES THAT POISON THEIR FOOD 

P erhaps the most distinctive feature of the Ccelenterata, the 
group to which Hydra belongs, is the means by which it 
is able to catch its food. The tentacles, more particularly, 
and the surface of the body are armed with stinging cells; 
each of these contains a reservoir of poison and a coUed-up 
tubular thread connected with it. The base of the thread is 
armed with barbs, %nd at the summit of the cell, protruding 
outwards, is a small pointed tr^ger. The lightest touch on 
the trigger and the cell is shot out, the thread uncoils rapidly 
and with some force. Therefore, whenever one of the stiller 
a n i m als inhabiting the same water as Hydra comes in contact 
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with it, numerous stinging celh are released ; their threads 
penetrate the body of Ae victim, the barbs take a firm hold, 
the poison flows down the threads into the victim’s body, and 
the unfortunate creature is paralysed by the poison. At the 
same time, the tentacles of Hydra begin to curve over towards 
the mouth, carrying the victim wi& them. The victim is 
then pushed in trough the mouth and digested. 

Among the numerous relatives of Hydra, and having the 
same fundamental structure, however much they may differ 
in appearance, are the corals, sea-anemones, jelly-fish and a 
host of other animals of less familiar names. In most of these 
the resemblance to Hydra is obvious. A sea-anemone is, 
except for certain supemcial details, little more than a gigantic 
Hydm, having the same fundamental form and, like it, having 
the skin armed with stinging cells. G>rals, too, have this 
same superficial resemblance. The hard, stony masses we 
are accustomed to seeing in museums or in glass cases else- 
where are nothing more than the skeletons formed by colonies 
of what are popularly referred to as coral-animds,” each 
one very similar in form to Hydra or sea-anemones. On the 
other hand, the relationship of jelly-fish to any of these is 
not at all obvious until wp come to study their life-history. 

THI INFANT JELLY-FISH 

T O appreciate fully the close relationship between a jelly- 
fish and any other of the Coelenterates, such as Hydra 
or the sea-anemones, two things must be borne in mind : 
diat there are two distinct phas^ in the life-cycle of a jelly- 
fish — a sedentary stage when the animal resembles them 
strongly, at least superficially ; and a free-swimming stage, 
the jelly-fish proper which, appearances notwithstanding, is 
built on the same radial plan and has essentially the same 
organs as they. The familiar sting of a jelly-fish is due to 
stinring cells also. The sedentary stage of the life-history of 
a jelly-fish begins with a small white opaque object about 
three-eighths of an inch long, consisting of a compact cylin- 
drical body and a short stalk at the base of it. The surface of 
it has a scded appearance reminiscent of that of a half-opened 
cedar cone, and at either end is a ring of tentacles, the ring 
at the base beii^ situated at the jimction of the scaled body 
and the stalk. The only sign of life is a somewhat lethargic 
movement on the part of the tentacles. After about twenty- 
four hours in this sedentary stage the body increases in size. 
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)ecome8 more transparent, the scaled appearance becomes 
nore pronounced and the upper ring of tentacles disappears. 

Strong pulsations begin to take place spasmodic^ly at 
lifferent points in the body, as though it were made up of a 
lumber of separate parts each of which was trying to free 
itself from the rest. This, indeed, is the case, for after a 
ivhile, beginning at the top, a number of small eight-pointed 
itars become detached from the body, the process going on 
until only the stalk is left. 

The reason why jelly-fish are found in such abundant 
shoals is that this process is repeated again and again, 
until the sea around is infested with them. To make 
matters worse, the rate of multiplication is increased 
by budding. The stalk remaining does not die but grows 
longer and swollen in the upper part, and fresh stars are 
budded off. In addition, the stalk may give rise to others 
like it, by budding, and each of these is capable of producing 
its own crop of eight-pointed stars. Thus each scyphistbma, 
as these stalked bodies are called, is capable of producing 
several hundreds of medusae, or eight - pointed stars, 
simply by the repeated division of its own body or the pro- 
duction of other scyphistomae budded off from it. The small 
eight-pointed medusae gradually lose their star-like appearance 
and, by a process of growth extending over severd months, 
become converted into the familiar umbrella-shaped jelly-fish. 

In the life of a jelly-fish, therefore, there are two distinct 
phases : the hydroid phase, represented by the scyphistoma, 
and the medusoid. In the first, multiplication is asexual, by 
budding and fission, and in the second it is a sexual process 
wherein male and female cells, carried on the under-surface 
of the umbrella of the jelly-fish, unite to form a larva, which 
in turn becomes fixed to the sea-bottom and is converted into 
a scyphistoma. This alternation of generations is, generally 
speaking, found throughout the Ccelenterates. In corals and 
sea-anemones the hydroid phase has become dominant and the 
medusoid phase almost completely suppressed. In the jelly- 
fish the medusoid phase is dominant. Thus the scyphistoma 
or stalk of a jelly-fish corresponds to the familiar sea-anemone 
in anatomical details, to a lesser extent in appearance, but 
differs considerably in size, so that although sea-anemones 
and jelly-fish appear to differ so markedly that a blood- 
relationship would hardly be suspected, closer study of them 
reveals the fact that they are very closely related. 
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THE STRANGE POSTEACARE OP THE JELLY-PISH 

F ads and fancies are not the monopoly of human beings^ 
and all living things whatever their rank in the anii^ 
or vegetable kingdom have their likes and dislikes. Some of 
these fads involve the intimate and often lifelong association 
of two totally unlike creatures. In some cases a mutual benefit 
results and to this we give the name of conpnensalism. In 
many cases of commensalism the two partners are never 
found apart and, we may assume, are unable to exist for 
very long on their own. Often the special blessings derived 
from living together are far from obvious. Stranger still, 
however, are Ae cases where creatures live together in an 
association from which only one partner derives any benefit : 
stranger because it is difficult to see why the partner that 
gains nothing should tolerate such a state of affairs. A striking 
case is that concerning the association of certain large species 
of jelly-fish and certain small fishes that seek their protection. 

It is no uncommon sight, to those who study the life in 
the oceans, to see a large jelly-fish floating about the surface 
with a crowd of small fishes sheltering beneath the ample 
expanse of its umbrella-shaped body. From time to time the 
fishes sally forth to feed or exercise, but as often as danger 
threatens they scuttle back into the safety of the jelly-fish’s 
body. On the tace of it there is nothing remarkable about 
this, for fish are past-masters at the art of utilising any nook 
or cranny — ^the spaces between rocks or the interstices in a 
coral bank — ^for a refuge, but the strange part of this association 
is that jelly-fish often feed largely on &h ; even if they do 
not feed on them they have the power to make it extremely 
unpleasant for even a big fish to come within range of their 
trailing tentacles. 

Like the sea-anemones, jelly-fish are armed with batteries 
of stinging cells, as bathers in the sea have often found to 
their cost. If the sting of a jelly-fish can be painful to human 
beings, even fatal in the case of some of the larger forms 
found in tropical seas, how much more deadly must it be to 
the smaller creatures ? A mere touch is sufficient to call 
forth a fusillade of these poisoned darts and it would be 
difficult to believe that these crowds of little fishes, con,- 
stantly swimming around and under the jelly-fish, scuttling, 
this way and that among the bush of tentacles suspended 
from the undmide of its body, never at any time touch tlto 
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tentacles. Yet the fact remains that, so far as can be seen, 
they are never harmed by their strange guardians. 

WHEN REAL CHIPS OFF THE OLD BLOCK COME TO LIFE 

I N animals that exercise no parental care multiplication is 
attended by an enormous mortality in the offspring. In 
the sea there are not only living enemies to be reckoned with, 
but the elements take toll to a greater extent than is the case 
on land. The familiar example of the codfish which is said to 
lay millions of eggs in one season, out of which only one or 
two are destined to give rise to adult individuals, the rest 
being eaten or otherwise destroyed at some stage of their 
career, is only too true of practically all the lower inverte- 
brates (animals without backbones). Constantly, the breeding 
season sees the production of enormous quantities of larvae, 
most of which are practically certain to be destroyed by one 
means or another before reaching maturity. In the lower 
invertebrates, too, it is not unusual to find fragmentation used 
as an auxiliary means of reproduction, the animal breaking 
up into a number of fragments each of which capable of 
producing a new individual. This method is very common 
among sponges. The more fragile sponges are tom asunder 
or lacerated by wave action, or pulled to pieces by crabs, 
the fragments so formed giving rise to fresh sponges. 

Some sea-anemones have the power of reproducing them- 
selves by unconscious self-laceration. In other words, they 
are able to take ** cuttings ** of themselves. Cases are Imown 
of sea-anemones which as they move about — even sea-ane- 
mones do this occasionally, strange as it may seem — leave 
behind fragments of their own bodies adhering to the surface 
of the roci«, and these fragments grow into new anemones. 
The early naturalists thought that eels dashed themselves 
against the rocks and that young eels were produced from the 
bits of skin rubbed off in^e process. This was the only way 
they could think of to explain why eels* eggs could never be 
found. We smile at such notions now that the breeding- 
grounds of the eel have been traced to the mid-Atlantic, but 
the old ideas were not so extravagant after all, if we are to 
believe some of the modem investigators. It is said that some 
sea-anemones will choose the sharp edges of rocks and stones, 
almost purposely it would seem, in order to lacerate their 
bodies for &e purposes of multiplication. 
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THE MANY-HEARTED WORM s 
* BENEFACTOR OF MAN 

W HEN we speak of worms, we are referring to a group of 
animals that is a hotch-potch of living creatures, of 
very different types, having in common the fact that their 
bodies are long and thin, that there is little difference between 
the head and tail ends, and that they crawl about without the 
aid of legs. Thus, under the headings of worms the uninitiated 
will include earthworms, shipworms, tape worms, flat worms 
and an almost infinite variety of unrelat^ creatures. We have 
even gone so far as to talk about the blindworm, which is 
simply a legless lizard. To most of us, however, the earthworm 
would be regarded as the typical example of a worm, and this 
will suffice for our present purpose. 

The outward form of an earthworm is familiar to all, and 
calls for no detailed description, but the internal anatomy 
forms a striking contrast to that of any other animal so far 
discussed. From the sponges, sea-anemones and jelly-fish, 
all without ihtestine or any other of the organs of digestion 
with which we are familiar in thc^ higher animals, all without 
a heart or blood-vessels, without brain or nerves or any real 
sense-organs, we take a big jump in considering the worms, 
for in them we meet for the first time an anatomy which can 
be to any degree compared with our own. 

The ringed appearance of an earthworm bears a close 
relation to the rest of the features to be discussed. For example, 
each ring or segment of the body bears four pairs of short 
bristles with their bases implanted in the skin and directed 
outwards, and locomotion is effected by the concerted action 
of these four rows of bristles which run lengthways along the 
lower surface of the body. If we pass an earthworm through 
the thumb and forefinger from the head end backwards these 
bristles impart a rasping sensation on our skin. 

Internally each segment is partitioned from its neighbours, 
and passing through them all, from the mouth to the hinder 
end of the body, is a straight tube, the intestine. There is a well- 
defined central nervous system, with the main nerve running 
immediately under the intestine, and in each segment this is 
swollen into a ganglion from which several pairs of nerves fit 
given off to serve the organs in the segment. There is a sort 
of brain, a simple structure it is true, lying above the intestine 
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in the front end of the body. In addition the body is served 
by a system of blood-vessels consisting of three main vessels 
running longitudinally through the body and connected in 
front with five pairs of “ hearts,” or short pulsating vessels. 

EARTHWORMS 1 THB GARDENER'S GREATEST FRIEND 

M any people are inclined to brand the earthworm as a 
useless creature of disgusting, or even revolting, 
appearance and to regard it rather in the light of a nuisance. 
Their ranks are recruited mainly from those who have in- 
herited, or acquired, a distaste for any animal, no matter how 
interesting or inoffensive, whose body is cold and somewhat 
clammy to the touch ; and they do not trouble to inquire 
further into the matter. Yet the earthworm, like the toad, 
“ ugly and venomous, bears yet a precious jewel in its head.” 

It would go ill with manlund if earthworms were suddenly 
and completely exterminated. The agriculturalist and the 
horticulturalist can hardly claim or hope for a stauncher ally 
than is found in these lowly and insignificant creatures. Their 
normal method of feeding is to swallow large quantities of 
earth, digest the organic matter contained therein, and to 
void the indigestible matter as worm-casts. It has been 
calculated that there are some fifty thousand earthworms in an 
ittcre of arable land and that these bring to the surface more 
than twenty tons of soil annually in the form of casts. Much 
of this comes from the deeper layers of the soil since in dry 
weather the worms go down quite deep in search of moisture. 
This constant tunnelling and movement of the soil not only 
turns the ground over in the course of years, but allows it to 
be aerated and drained and, in general, to be exposed to the 
sweetening action of air and rain. 

The regenerative powers of earthworms have become 
almost legendary and, as is usual with the growth of legends, 
strict accuracy is not always maintained. It is true that an 
earthworm cut in two becomes two individuals, the front 
half growing a new hinder end and the hinder part developing 
a new head. It is not true, however, that the swelling com- 
monly seen near the front end of a worm is the scar formed 
from the healing of a wound, nor does it mark, as is often 
suggested, the spot where the two halves of a bisected worm 
have become joined together again. It is true that, under 
artificial conditions, the two parts of a cut worm can be made 
to graft together, but it is doubtful whether this ever happens 
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under natural drcumstancea. The so-called scar is better 
known as the ** saddle and is in reality a large glandular 
area which secretes a cocoon around the eggs as they are 
laid. 

WORMS THAT ARE EELLES OP THE OCEAN RED 

I N contrast to the somewhat commonplace, perhaps almost 
dull, appearance of worms living on land or in fresh water, 
those living in the sea are often remarkable for their beauty 
and the unusual forms they assume. Many are brightly and 
variously coloured, others are luminous. Some burrow in 
the sand, others swim about habitually, and yet others build 
homes of sand or mud which in themselves are interesting 
objects for study. Perhaps the most remarkable of all the 
marine worms is that which goes by the name of Aphrodite, 
or the Sea-mouse, and which may be seen, often in large 
numbers, on the sandy beaches around the shores of the 
British Isles. 

The body of a Sea-mouse is four inches or so long and 
nearly two inches across at the centre, and from there tapers 
away to end in a rounded head and tail. The animal creeps 
about over the sand with the smooth and easy movement 
characteristic of a mouse. Its upper surface is covered with a 
pile of fine bristles which change colour with the movement 
of the animal’s body and gives the impression of being a 
coat of iridescent fur. This strange beast, often seen on a 
sandy shore as the tide is going out, is sometimes the cause 
of considerable speculation as to what it really is. If, however, 
we turn it over on to its back all doubt and guessing is put at 
rest. The under surface is ringed in exactly the same way as 
the body of the common earthworm, and there too are the 
pairs of bristles of which mention has already been made. 
In fact, the Sea-mouse is merely a worm whose body has 
become much enlarged and in which the upper surface has 
become obscured by a dense coating of bristles similar to 
those used by all worms as organs of locomotion. 

THE UTTLE WORM THAT UVES IN A PEBBLE 

W B may frequently pick up on the seashore stones that 
are marked on the surface with a number of small, 
slit-like holes, as if they had been persistently stabbed with the 
sharp end of the blade of a penlmife. Siin^ slits may also'* 
be found on the surface of the .shells of oysters, mussels and 
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other shellfish. These are made by a small worm known as 
Polydora. On examination the slits prove to be in pairs and 
to be the openings of narrow tunnels which penetrate the 
rock and meet in the middle to form a U. In this retreat 
Polydora hides with its head protruding from one slit and its 
tail from the other ; an admirable protection for such a 
soft-bodied animal. In addition, small chimney-like tubes 
of mud are often constructed over the slits to protect further 
the protruding ends of the body. 

How such a hard material is bored by so small an ammal 
is as yet uncertain, but it is possible that the skin gives off a 
fluid capable of di^lving the substance of the rock or shell. 
Among the oyster-beds considerable damage is done to the 
stocks by the boring habits of this marine tunneller, not 
because of actual injury to the oysters but because the shell 
ia spoilt in appearance and the bivalve rendered less market- 
able. A Polydora living in the Red Sea, however,, goes even 
further. This one enters the shell of an oyster, pushes its 
way between the soft body of the oyster and the inner surface 
of the shell, and irritates the oyster until it almost completely 
covers the worm with a layer of mother-of-pearl. Then, in 
the safe seclusion of the oyster’s shell, in a burrow obtained 
without labour or trouble, it feeds on the small animals 
living in the currents of water drawn in by the oyster’s gills. 

For a striking contrast to the parasitic habits of the Red 
Sea Polydora we may turn to the evidence of commendable 
industry foimd on our own shores. Many worms build for 
themselves tubes of mud or sand-grains. Often these are of 
most delicate workmanship, the grains of mud or sand being 
carefully arranged in the walls of the tube and cemented 
together with as much precision as the bricks in the walls of 
human habitations. Some of these worms live singly, others 
in colonies, and on some parts of our coasts the colonid forms 
build reefs of sandy tubes several square yards in extent. 
Although the individual tubes are of such seeming delicacy, 
the reefs are capable of withstanding the battering of the 
surf four times a day as the tide rises and taUs. 

THB TUBE-BUILDER t A WORM WHOSB VIRTUE IS PATIENCE 

W HEN the tide goes out on a sandy shore it leaves little 
behind to reveal the secrets of the sea’s inhabitants. 
There are no rock-pools, as on the more rugged parts of the 
coast, rich with a profusion of sea-anemones, sponges, shrimps 
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and crabs ; but disappointing as a sandy shore may be diere 
are yet some things to be seen by those interested. Not least 
among these b the little sand-mason worm, a creature of lowly 
station and meagre abilities yet which, nevertheless, is able 
to build itself a beautiful tube of sand, small pebbles and 
fragments of shell. We can see these tubes at low tide, lying 
limply on the damp sand, but we find no trace of the owner 
for it has disappeared below to await the return of the tide. 

If we could watch the sand-mason worm at work we should 
see a rather wonderful sight. This worm has a crown of 
tentacles surrounding the head which can be extended for 
a long distance, and as they grope about they grasp the sand- 
grains or the pieces of shell which come within their reach. 
These then pass down the length of the tentacles as though 
moved by invisible hands imtil they reach the mouth ; actually 
they are passing along a groove in the tentacle specially 
provided for the purpose, and propelled by fine protoplasmic 
hairs lining the grooves. Each particle so obtained is taken 
into the mouth, moistened with an adhesive fiuid, and then 
ejected and placed into position by the lips. So grain by 
grain the tube is built up, a monument to tireless energy and 
patience. 

There are many difiSiculties in the way of seeing the sand- 
mason worm actually at work, but it is fairly simple to see a 
similar process being carried on, provided a microscope is 
available, by a small animal living in freshwater. This is one 
of the Wheel-animalcules, or Rotifers, known as Melicerta, 
which grows in ponds and streams on the leaves of water- 
weeds. When fully extended the body of Melicerta is less 
than an eighth of an inch long, cylindrical, and bearing at 
the summit a four-lobed head with a mouth set in the centre. 
The margins of the lobes are fringed with protoplasmic hairs 
in a constant state of rhythmic motion giving the effect of 
four continuously revolving wheels. Normally the body is 
enclosed within an upright tube built up of minute spheres of 
a dark material arranged in a remarkably regul^ series. 
When feeding, the animal's head is protruded beyond the 
tube, but at rest the whole body is drawn inside. 

To see how this exquisitely formed tube is made we have 
only to wait for Melicerta to protrude its head from the 
tube, when the action of the “ wheels " sets up a continuous 
stream of partieles into the mouth. The transparent nature, 
of the animal enables us to see the further fate of the particles. 
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Some are passed on to the stomach, others, the indigestible 
fragments, pass into a small cavity within ^e head and are 
there revolved until they are compacted into a small, round 
pellet. This is then passed back to the lips and, with a con- 
vulsive jerk of the head, the lips are protruded and the pellet 
placed in position on the wall of the tube. Regularly and 
with never-failing precision, the pellets are formed and placed 
into position, the wall of the tube being built up, a row at a 
time, as though composed of microscopic beads. 

WORMS THAT HAVE GOT INTO RAD HABITS: THE PARASITES 

E volution has come to be regarded to-day as a synonym 
of progress, but while in the main it signifies a forward 
movement, the word is equally applicable to retrogressive 
or degenerative trends. The evolution of living things has 
been on the whole a process of increasing organisation and 
efficiency, an advancement from the simplest and lowliest 
forms to the higher and more complicated. But riiany striking 
cases of evolution can be cited in which the movement has 
been in the reverse direction. As often as not, retrogressive 
evolution is associated with a change from an independent to 
a parasitic mode of life. Sometimes this leads to a complete 
degeneration of the individual, but in other instances this 
degeneration is accompanied by a specialisation, which is 
in itself a progressive evolution in so far as the individual 
becomes remarkably well adapted to fit its new surroundings 
and mode of life. 

Perhaps the best illustration of this is found in the tape- 
worms. A typical tape-worm has an elongated body, with a 
head beset with a crown of hooks, enabling it to obtain a 
fast hold in the tissues of its host. Sense-organs are wanting, 
and the nervous system is much reduced. The body is covered 
with a cuticle or outer skin to withstand the action of digestive 
juices, since most of these parasites are found in the gut of 
their host, but capable of absorbing the products of digestion 
elaborated by its host. There is no need for a blood-system, 
since the sole purpose of this would be to distribute the food 
material arising from digestion, and ill the case of a parasite 
the whole body is bathed in its food. Excretory organs are, 
however, present. The remaining organs — those of repro- 
duction — are enlarged out of all proportion to the rest. 

In order that the race may survive it is necessary for eggs 
to be laid and for some at least of the young resulting from 
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them to find their way to a new host. In the case of para- 
sites the chances of this happening are infinitely more remote 
than those of free-living animals that can choose the season 
for laying, can select a suitable site to deposit the eggs, 
can lay by a store of food for the young when they are 
hatched, or even guard the young until they are able to look 
after themselves. With parasites it is a much more haphazard 
afi[air. This means that a vast number of eggs must be laid 
in order to ensure that a few shall survive and the young 
from it find a suitable host. 

A tape-worm’s body is divided into segments each of 
which is filled very largely with the reproductive organs. 
As the eggs are fertilised and ripen, the segments containing 
them become detached from the rest of the body and pass to 
the exterior, usually with the faeces of the host. As old seg- 
ments are thrown ofif, new segments are budded off from 
just behind the head. A tape-worm is, therefore, in effect, 
nothing more than a reproducing maehine, living on the 
energies of another anin^ and devoting all its time and 
energy to producing fresh tape-worms to tether other animals 
of the same species. Truly one of the strangest freaks of 
evolution imaginable I 

STARFISH AND THEIR WEIRD COMPANIONS 

P ROBABLY no Other animals present such bizarre forms 
as those collectively grouped under the heading of the 
Echinoderms, and including the starfish, sea-urchin and sea- 
cucumber. Many of the sea-anemones and other polyps of a 
like nature have quaint forms, but they are on the whole so 
reminiscent of plants that they do not appear unfamiliar to 
U8« Were we, however, to be suddenly faced with drawings of 
a starfish or sea-urchin, without having previously seen or 
heard about these animals, it is probable that we should 
regard the pictures as figments of an artist’s imagination. 
The star-like build of the starfish, with no apparent head or 
tail, and little externally to suggest the possibility of its being 
an animal, or even a living tUng, except the ability to move 
about, is surpassed for quaintness only by the box-like body, 
covered with a closely-set crop of spines, of the sea-urchin. 
It is obvious from the attitudes of deep concentration main- 
tained by visitors to the seashore as they stoop watching a 
stranded starfish that many questions and speculations are 
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passing through their minds as to what these strange beings 
are and how they live. 

The organisation of a starfish’s body is really quite simple. 
The central disc contains the essentid organs, the stomach, 
intestine and so on, and the arms arc purely organs of loco- 
motion or used in the capture of food. The mouth is on the 
under surface of the central disc and can be seen by turning 
the creature over on to its back. In animals with so unusud 
an exterior we should naturally expect to find some unusud 
anatomical features, and in this we shall not be disappointed. 

Once the starfish is turned on to its back, we shall have 
our attention drawn to the rows of suckers, hundreds in each 
row, running down the centre of each of ^e radiating arms. 
It is in the possession of these more than in any .other respect 
that the starfish, and other Echinoderms, differ so markedly 
from all other animals. These suckers are known as tube- 
feet and are connected up with a series of tubes within the 
body, forming a hydraulic system. By throwing the tube- 
feet well out and fastening them on to the surface of a rock, 
the starfish is able to pull itself dong, the tube-feet working 
in unison. While some are maintaining a hold others are being 
retraced to pull the body along and others are being thrown 
out to obtain a fresh hold farther ahead. 

HOW A STARHSH TRAVELS AND COLLECTS ITS MEALS 

W HEN a starfish is lying on its back the tube-feet wave 
about in different directions, apparently quite inde- 
pendent of each other, but when the animd is right side up 
and moving along, the feet move with one accord and in one 
direction, for the reason that they are all connected by a con- 
tinuous system of tubes. Their efficiency as feet depends on 
this that they can be converted into suckers when necessary. 
When the terminal discs, which are hollow also, touch the 
surface of a rock they flatten agdnst it and the floor of each 
is raised by the manipulation of slender muscles operating 
inside the foot. Thus a vacuum is created between the disc 
and the surface of the rock. The combined pull of the suckers 
is sufficiently strong to enable the starfish to cling to a rock 
in the roughest of seas, or to climb up the face of a vertical 
obstruction. 

Another use of the tube-feet, quite an important one, is 
in pulling apart the shells of mussels and other shellfish on 
which the starfish feeds. The two shells of a mussel are held 
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together by a powerful muscle running from the inside of 
one shell, through the body of the aimnal/to the opposite 
shell, and the strength of this muscle may be gauged by the 
amount of prising open that is necessary before the morsel 
inside may be extracted. The starfish, ^ving nothing with 
which to prise, has another method of accomplishing this end. 
Wrapping its arms round the shell, it takes a firm hold with 
its tube-feet and begins to pull until it has pulled the shells 
apart. Then it everts its stomach, wraps it around the body 
of the mussel and proceeds to digest it. 

Not only are the tube-feet used as organs of locomotion 
and as weapons of offence, but they also serve as respiratory 
organs. Through them oxygen is absorbed from Ae sea- 
water, but in spite of their numbers the amount of oxygen 
they can absorb is insufiicient to meet the requirements of 
the starfish ; consequently some means must be found of 
augmenting the supply. The starfish’s skin offers few possi- 
bilities in this direction since it is studded with numerous 
plates of lime and constitutes an effective barrier to the passage 
of oxygen. An interesting compromise is, however, effected. 
Between the limy plates the skin grows out at intervals in 
groups of small, finger-shaped folds all over the surface of 
file body, and through these oxygen can be absorbed. 

Having to adopt a second-best alternative, however, some- 
thing more than the bare skin is necessary to ensure complete 
respiration, and an ingenious device is therefore used. These 
minute folds of skin are coated both inside and out with ex- 
tremely fine protoplasmic hairs, constantly waving in one 
direction. Those on the inside keep the fluid of the body 
moving, so that as soon as one lot is saturated with oxygen 
it Is passed on and another lot devoid of oxygen can l^e 
its place. The sea-water, also, is kept in constant movement 
by the protoplasmic hairs on the outside so that as soon as 
one lot of sea-water is deprived of its oxygen it is driven away 
and a fresh supply takes its place. By combined action 
the maximum amount of respiration can take place. 


THE SEA-CUCUMBErS INDELICATE RETORT 

T he power of regeneration already noted in some of the 
lower animals is present to a considerable extent in many 
of the Echinoderms. The sea-cucumbers are close relatives of 
the starfish but have plump, elongated bodies covered with a 
warty skin and look, in fact, like cucumbers except in colour. 
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They, too, have longitudinal rows of tube-feet running along 
the body. Their mere appearance is sulEciently repulsive, 
but their methods of protecting themselves are even more to 
be deplored. An irritated sea-cucumber will not hesitate to 
eject the whole of its internal organs, an evil-smelling mass, 
squirting them at whoever may be the cause of the annoy- 
ance. Such wholesale self-mutilation is not so injurious as 
might appear to be the case since the sea-cucumber is able 
to regenerate all the lost parts in a short space of time. Star- 
fish, also, have been known to eject the whole of their diges- 
tive organs when they have swallowed something that does 
not agree with them, and to re-grow the lost organs — 2 , truly 
novel cure for indigestion ! 

The occasions when such drastic remedies for mistakes in 
diet are necessary are probably few and far between. On the 
other hand, the ability to repair and replace lost limbs is an 
ever-present need with starfish, owing to the depredations 
of crabs of all sizes and descriptions, who do not hesitate to 
attack a starfish, wrench off a portion of one of its arms and 
depart to enjoy the feast at leisure. Starfish may often be 
found in which the arms bear as many as a dozen or more 
scars, each scar representing an occasion on which a part or 
the whole of an arm has been lost and has been replaced. 
How great is this power of replacement may be judged from 
the fact that so long as the central disc and one arm remain 
intact the other four arms may be damaged again and again, 
and as often replaced, without causing the animal’s death or 
causing, so far as can be ascertained, any great inconvenience. 

HOW THE CUTTLEFISH AND LIMPET 
BECAME RELATIONS 

J UDGED purely by external appearances one would hardly 
suspect anything in the nature of a close relationship 
between a limpet and a cuttlefish. The one small, inoffensive, 
appearing hardly ever to move, its body completely enveloped 
in a hard shell ; and the other large, active, belligerent, with 
a naked body differing markedly in general features from 
that enclosed within the limpet’s shell. Yet these two and 
many more creatures almost equally diverse in form are 
grouped together under one heading : the Mollusca. For 
general purposes it is convenient to describe the molluscs as 
animals with soft bodies usually enclosed in one or more shells, 
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but this, like all rules, has many exceptions. That it is 
applicable to the limpet is quite obvious, but to find the shell 
of a cuttlefish it is necessary to cut the beast open. In fact, 
the familiar cuttlebone corresponds to the shells of other 
molluscs. 

The three main groups of the Mollusca are the Cephalopoda, 
including the octopus, squid and nautilus ; the Gastropoda, 
or univalves, including snails, whelks and limpets, which 
move about on a broad muscular expansion of the body, 
known as the foot, and have a single shell usually spirally 
coiled ; and the Lamellibranchiata, or bivalves, including 
oysters, mussels, cockles and others of their kind, with the 
body usually enclosed within a shell formed of two parts, 
or valves, and hinged along one side. 

The last two groups are well known to us in a general way, 
even to those who, zoologically speaking, are the least initiated 
and none will fail to recognise in them creatures of a sluggish 
habit. In fact, so characteristic is their slow rate of locomo- 
tion that the very word sluggish is derived from the name of 
a shell-less Gastropod mollusc. And has not the snail’s pace 
at all times been regarded as the epitome of the slowest rate 
of locpmotion? 

THE ATHLETIC COCKLEi A HIGH JUMP EXPEBT 

Y et even the ranks of the Mollusca can boast members of 
no mean athletic prowess. Scallops, for example, are 
vigorous swimmers, travelling backwards through the water, 
when alarmed, in convulsive jerks, propelled by the expulsion 
of water as the two valves of the shell are alternately opened 
and brought forcibly together again. Cockles, too, are expert 
at high jumping and, when left stranded by the receding 
tide, are capable of leaping four or five feet into the air in a 
series of bounding movements as they make their way down- 
shore to the edge of the water. For the most part, however, 
the Gastropoda and the Lamellibranchiata are content to 
travel very little or even not to travel at all. Oysters, for 
example, swim vigorously in the larval, or young, state, but 
once they have settled down they become almost literally 
rooted to the spot. 

To understand the movements of molluscs, whether the 
slow creeping movements of a snail or the leaping of a cockle, 
it is necessary to make clear what is meant by the foot, as all 
locomotion is effected by means of this organ. This is not 
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easy, however, since the foot varies in shape, size and dis- 

r ition as we pass from one group of molluscs to another. 

snails it is ^e broad, muscular expansion on which die 
animal creeps ; in oysters it is the fleshy part at the centre of 
the animal ; in cockles it occupies the same position as in the 
oyster but is larger and longer and is capable of being pro- 
truded outside the shell ; in some of the free-swimming 
molluscs of the open seas, ihe foot has become much expanded 
and can be spread like a sail, enabling the animal to be carried 
along by the currents or can, by undulating movements 
enable its possessor to swim ; finally, in the cutdefishes the 
foot has become completely altered in shape and forms the 
arms and tentacles. 

A MUSSEL AND FISH THAT ADOPT EACH OTHER'S FAMIUES 

I N Striking contrast to the marine mussels, which are plenti- 
ful, freshwater mussels are found sparsely scattered over the 
beds of rivers and it may be that this is a matter of necessity, 
owing to the comparative scarcity of food in the rivers as com- 
pared with the abundant Supplies of all kinds in the seas. 
At all events, freshwater mussels are at some pains to ensure 
that their young shall be dispersed as much as possible before 
setding down. In this connection there is a pretty case of 
mutual assistance between freshwater mussels and the bitter- 
ling, a fish^inhabiting the rivers of the continent but not found 
in this country. , 

The fish in question is quite an ordinary-looking fish, only 
a few inches long. In the breeding season the female bitter- 
ling grows a long ovipositor (or egg-laying tube) and, when 
ready to lay her eggs, she hovers over the gaping valves of a 
freshwater mussel and deposits the eggs in its gill-chambers. 
This appears neither to inconvenience nor to injure the 
mollusc since it makes no attempt to close the shell when the 
ovipositor is inserted nor to get rid of the eggs. Any other 
foreign matter introduced into the gill-chambers would be 
promptly surrounded by pearly matter, but this does not 
happen to the bitterling’s eggs. 

It is almost as though there were a mutual understanding 
between the bitterling and the mollusc, for while the first is 
laying her eggs the mussel discharges its own brood, larvae 
in tlm case, and these immediately seek refuge in the gills or 
ding to the skin of the fish, to be carried about until the time 
comes for them to grow a pair of valves and live at the bottom 
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of the stream like their parents. Then they release their hold 
on the tissues of the bitterling and drop off, leaving their 
unwitting benefactor none the worse for the service rendered. 

How such an association, or mutual exchange, came into 
being and what are the influences that bring about the exact 
timing necessary for its success are matters for speculation, 
but the upshot is, almost certainly so far as the mussel’s side 
of the bargain is concerned, that its young are scattered more 
effectively over the bottom of the river, and have, therefore, 
a greater chance of survival, than would otherwise have been 
the case. It is significant that the British pearl industry 
should have flourished around the swiftly-moving streams, 
and one can only suppose that the rapid movement of the 
water carrying the larvae about and scattering them broadcast, 
results in the same end as the passenger transport service 
provided by the bitterling in continental rivers. 

Associations of this sort, between animal and animal, 
between animal and plant, and between plant and plant, are 
very numerous ; not only are they of absorbing interest, but 
they serve to show, what is only too often overlooked, that 
Nature is not entirely “ red in tooth and claw.” On the 
contrary, progress in ^e evolution of both animals and plants 
has been more often due to co-operation than otherwise. 
Some of the associations are quite commonplace, and call for 
little comment. Others are of so strange an order as to place 
them in the realm of tall stories had we not fairly convincing 
proof to the contrary. 

CREATURES THAT CAPTURE THEIR ENEMY'S "GUNS’* 

C ERTAIN marine molluscs, belonging to the Gastropod 
group, known as sea-slugs, have lost their shells either par- 
tially or completely in exactly the same way as the land-slugs. 
Their bodies are naked like those of the land-slugs, which 
they resemble in many ways, but they are more beautiful in 
colour and their backs usually bear a number of warts or 
small, finger-shaped folds of slun. Some burrow in the sand, 
others swim in the open waters, but most of them crawl 
about over the seaweeds, sponges, hydroids and other animak, 
feeding on them in the same way as land-slugs are found 
infesting and feeding on the land-plants. As a rule they, take 
on the colour of the seaweed or animal on which they are 
feeding and for this reason are frequently overlooked. 

One of the sea-slugs, owing to the peculiar manner in which 
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skin of the back is folded, presents a striking resemblance 
in miniature to a hare and is known in consequence as the 
sea-hare. When interfered with the sea-hare pours out from 
its skin a dense purple fluid, an indelible dye, and this not 
only obscures the animal's movements, in the manner of a 
smoke-screen, but is also distasteful to its enemies. It has 
been said, wi^out truth of course, that a human being coming 
in contact with this fluid would lose all the hair from his head. 
Sea-slugs, having lost their shells must find some other method 
of protection, and this is how the sea-hare accomplishes it. 

A still more remarkable method of protection is found in 
the plumed sea-slug. This animal is about three inches long 
and its back is covered with numerous rows of erect, cylindrical 
folds of skin. These are partly used for breathing purposes 
and, in addition, each contains a small organ corresponding 
to an extent with the liver. The plumed sea-slug often lives 
on the same ground as certain sea-anemones, resembling them 
in colour and appearing the more like them by reason of the 
similarity of the respiratory plumes to the tentacles of the 
anemones. The anemones being armed with stinging cells 
are treated with considerable respect by fishes and other 
carnivorous animals, and the sea-slugs share in this immxmity 
from attack by reason of their resemblance to the anemone. 
Curiously enough, and as a very poor return for the immunity 
enjoyed, the slugs feed on the anemones. 

Now comes ^e strange and almost incredible part of the 
story. Not content with the immunity they already enjoy, 
the slugs actually arm themselves with the weapons of their 
victims and use them against foes that may attack them 
when they are away from the shelter of the anemone’s stings. 
And this is how it is done. Undigested remains of the ane- 
mone’s tentacles pass up into the livers situated in the plumes ; 
the stinging-cells contained in the tentacles remain undigested, 
pass out of the liver and take up their position in the skin of 
the sea-slug, whence they can be shot out at enemies when 
the occasion arises. The truth of this story has often been 
doubted, but the matter has been investigated again and again 
and there is no reason now for not accepting it. 

In passing, it may be noted that, in addition to this strange 
methM of arming itself, the sea-slug, when pursued, has a 
habit of throwing off some of its plumes to distract the atten- ^ 
don of an enemy while it makes good its escape, new plumes 
be^g eventually grown in place of those thrown off. 
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THE SPINNING SLUG THAT SWINGS PROM TREES 

A nything in the nature of acrobatics would hardly be 
accredited to slugs and snails ; nor indeed does one 
ordinarily associate them with spinning, an industry of which 
the monopoly is usually believed to be held by spiders, and to 
a lesser extent by certain caterpillars. Nevertheless, although 
they do not perform these things as a matter of habit, certain 
slugs are capable on occasion of spinning threads and sus- 
pending themselves from the branches of trees, or even of 
swinging from one branch to another. The material used in 
the spinning of such threads is the same as the mucus given 
off from the body as the slug travels over the ground and which 
gives rise to the tell-tale silvery tracks. The significance of 
this form of spinning is obscure, but in some cases it is 
associated with mating, the two slugs hanging suspended 
side by side and mating in mid-air. 

An example of spinning may be seen in the bladder-snails 
living in ponds and streams. They often spin a thread a foot 
or more in length and reaching from the surface of the water 
to the bottom, or with the lower end hanging free. A few 
inches of the upper end of the thread are allowed to lie free 
on the surface to give the necessary grip. With the thread in 
position the snail can travel from the bottom of the pond to 
the surface and vice versa with a minimum of effort, crawling 
up and down the thread instead of having to swim. 

What is perhaps more remarkable, is that, when the snail 
wishes to move to another part of the pond, it eats the thread 
inch by inch, digests it and uses the material again to construct 
another thread in the new quarters. In this case, the thread 
is so fine that it cannot be detected when the animal is in its 
natural haunts. Only in an aquarium, and under special 
illumination can it be seen. 

HOW MUSSELS HELP MAN TO PROTECT THE SHORE 

T he Mollusca vie with the insects, among the backbone- 
less animals, or invertebrates, in their abounding numbers 
and more particularly, in the extreme variety of situations in 
which they are found ; in and on the ground, on lowland and 
highland, in marsh, moor and heath; in pond, stream and 
river, on the shore, in shallow water or in the abyssal depths 
of the ocean in every sea the world over. Yet for all tiheir 
abounding numbers the Mollusca are of surprisingly little 
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direct use to man. Some like the oysters, mussels and codkles 
serve for food, but even these are, in civilised countries at 
least, to be counted as delicacies. Cuttlefish also are eaten in 
some parts of the world. Apart from this, however, molluscs 
merely supply pearb and mother-of-pearl, for buttons, studs 
and such thmgs. 

Surprisingly enough it is the mussel that should be looked 
upon as the greatest benefactor to man, if such a phrase may 
be used for unwitting service. In addition to its value as 
food and as a bait in Tong-line fishing, its strongly gregarious 
habit and method of attaching itself to timber and masonry 
have a quite unexpected value. The byssus, the tangle of 
brown threads by which a mussel is attached, serves to bind 
the sand and mud, and mussel-beds are often an important 
factor in preserving the foreshore against the shifting action 
of tides and currents. The masses of musseb on breaWaters, 
pier-piles and quaysides also serve as fenders against the 
force of the waves. Although this can hardly be quoted as a 
case of direct use to manlund, it is interesting to recall, if 
only to illustrate its strength in relation to its power to bind 
a shifting foreshore, that the threads of the byssus have 
occasiondly been used to weave a cloth from which small 
articles of human apparel, such as gloves, can be made. 

THE aaiTISH SNAIL THAT THE ROMANS ENJOYED 

I T is a curious fact that there appears to be a certain reluct- 
ance in this country to use the members of the Mollusca as 
food. Oysters, it is true, are not disdained, but whelks and 
musseb are by no means fashionable dbhes, while snails are 
regarded as quite outside the pale of human consideration, 
al&ough they are eaten with relbh in other countries. Yet 
although no one would think of scorning crab, lobster, or 
prawn, these in fact rank very little higher in the animal scale 
than the Mollusca. 

There can be little doubt that the Romans were particularly 
partial to snails — ^not to the common or garden snail, but to 
a larger variety, known as the Roman snail or apple-snail, 
found in abundance in certain parts of England. This has 
led to the belief that these large snails were introduced into 
the country by the early invaders. As is usually the case 
where information is uncertain, legend steps in with an en- 
thusiastic if mbguided attempt to fill in the gaps. 

The origin of the belief appears to be two-fold. In the 



THE FAMILY OF MOLLUSCS 153 

first place, in excavations of the sites of Roman camps and 
dwellings, the empty shells of this particular snail are often 
found associated in qiumtities with the remains of Romano- 
British pottery. Secondly, the snails are usually found to-day 
within a fairly short radius of a Roman site, implying, it may 
be supposed, that the descendants of those snails that sur- 
vived the gustatory onslaughts of the early invaders still 
cling to the ancestral haunts. 

In this country, the Roman snail is confined to the south- 
east comer of England, and even here is local in its distribution. 
Usually it is found only on chalky soil, though sometimes 
thriving on sand, and when it is remembered how thickly the 
chalk areas of the south-eastern counties are studded with 
Roman remains, it is easy to see that no local patch of snails 
could be far from one of them. To associate them with the 
Roman occupation, then, was natural and the idea once 
having been started, an observer would be influenced to 
search more closely for them in such areas, overlooking them, 
as a consequence, in those areas where no Roman relics had 
been found. 

Fortunately, the geologist is at hand to give us enlighten- 
ment in the matter. The Romans may have introduced 
some snails to augment the numbers already here, or even 
to replenish depleted stocks, but Helix pomatia^ the Roman 
snail, was here before Caesar cast covetous eyes on the cliffs 
of Britain. ^ Their fossil remains are associated not only with 
eoliths, that is with the very earliest flint tools fashioned by 
man, but also with deposits of earth that were probably laid 
down before man had even begun to throw off his bmtish 
mantle. If any further proof that the Romans were not respon- 
sible for their introduction were needed, it is that the snails 
are not found around the sites of Roman camps elsewhere 
in this country than in the south-eastern counties. 

The Roman snail is sometimes called the apple-snail 
because it is wrongly assumed that pomatia in its Latin name 
Helix pomatia means apple. Actually, however, it is derived 
from a Greek word, poma, meaning a pot-lid. In winter, or 
in very dry weather, all snails tend to bury themselves under 
dead leaves or decaying vegetation, or to creep into a cleft in 
a jrock, under ^stones or, indeed, under or into anything that 
will give them shelter from the desiccating powers of the 
sun’s rays. In winter, or in prolonged drought, the garden 
snail not only buries itself but, to preserve what little moisture 



THB HUMBLEST ANIMALS 


1S4 

it can and to prevent undue evaporation from its own body, 
doses the opening of its shell with a iilm of mucus, which 
hardens on contact with the air. Snails may often be turned 
out in the garden with the shell sealed up in this manner. 
A small aperture is left in the film to admit air, but otherwise 
ih& snail is well-protected both from the elements and from 
its smaller enemies. The Roman snail, under similar cir- 
cumstances, also withdraws into its shell and seals the opening, 
but this it does with a thick, chalky plate, the pot-lid — ^not 
perforated to admit the air but porous like plaster of Paris, 
which it closely resembles. 

Just as in the higher vertebrates, including man himself, 
provision is made for protecting the more vulnerable organs, 
such as heart and lungs, with a strong skeleton, in their case 
the ribs, so ^ the Mollusca these organs are always found 
under the shell. For example, in the snails the lungs and other 
organs are permanently lodged within the shell, so that not 
only can the body be withdrawn into the shell at the alarm, 
but the vital organs are always protected by it. The carni- 
vorous slug, on the other hand, has so small a shell, which it 
carries at the hinder end of its body, that it could not withdraw 
the whole of the body into it. But we find that the pulmonary 
chamber, heart, and other organs are immediately underneath 
it. Further, the vegetarian slugs that harass our gardens, and 
which appear to be devoid of a shell, have a shell of sorts 
hidden underneath the warty skin situated near the front 
end of the body and under this, too, the vital organs are 
lodged. In the last-named, owing to the lack of an external 
sheU, we may see the opening to the lung, or pulmonary 
chamber, on ^s same warty patch of skin, varying in position 
according to the species examined. 

All marine molluscs breathe by gills, but all land molluscs, 
and practically all of those living in freshwater, have a pul- 
monary chamber ; this is not a lung in the sense of a spongy 
mass of tubes such as is found in the higher animals but 
merely a cavity with walls richly supplied with blood-vessels 
and opening to the exterior by a single aperture. 

SOME LAUDABLE CUSTOMS OF THB SLUG 

S lugs are regarded by most people with abhorrence ; they 
seem repulsive to the touch and sight, are regarded as de- 
spoilers of the garden, of little use in any way and fit only 
to he trodden underfoot or otherwise destroyed at the very 
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earliest opportunity. In a few outlying districts, it is true, a 
particular type of slug boiled in milk is still regarded as a 
sovereign cure for consumption, but even those who recom- 
mend ^is cure can easily be made to admit that they regard 
the supposed cure as little better than the disease itself. 
Nevertheless, as is usually the case with supposedly noxious 
animals, there is something to be said in favour of some 
slugs at least, and indiscriminate killing by gardeners is not 
the best method of dealing with them. 

The carnivorous slugs, however unattractive their appearance 
may be, are among those with some claim to virtue in human 
eyes. To begin with, they do not eat vegetable matter except 
when it has reached an advanced stage of decomposition, and 
in this they may be classed as effective scavengers, especially 
as they will devour garbage and scraps of all kinds, vegetable 
or animal, including dead bodies of small animals, insects, or 
even the carcases of their own kin. Other slugs feed largely 
on toadstools and help to keep the countryside clear of the 
decomposing remains of these fimgi which are often obnoxious. 
One of them, about three inches long and readily recognisable 
because the hinder end of its body is broader than any other 
part and bears a small shell, not only feeds on worms, actually 
pursuing them into their burrows, but will even feed on 
other slugs and snails. 

It not infrequently happens that the estimable qualities of 
the carnivorous snails become perverted. In this case their 
predatory and scavenging tendencies work contrary to human 
desires and needs. Some take to feeding on pap>er, with 
dire results if they become established in the house of a 
bibliophil. Let loose in a dairy, they will feed on cream or 
butter or whatever else may be available ; and in a larder 
will do similar damage, having even been known to attack 
the family joint. 

A MOUTHFUL OF TROUBLi t THl SLUG WITH FIFTEEN 
THOUSAND TEETH 

S lugs capable of hunting and killing worms would naturally 
be expected to be possessed of specially constructed jaws or 
some o^er apparatus for seizing and holding so wriggling 
a prey, but actually the mouth of a camiyorous slug differs 
little from that of other Gastropods, and not at all in the 
principle of its construction. In Gastropods there is a small 
homy plate which is dignified by the name of jaw, but rhi# 
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only serves to cut off the food. More rarely two such plates 
are present. The process of mastication is performed by the 
tongue, or more properly speaking, the radtda. This consists 
of a thin ribbon of a homy substance known as chidn and is 
covered with numerous teeth of the same material. The 
pattern, size and ornamentation of the radula vary enormously 
in different species. In the sea-slugs, for example, there are 
often few more than a dozen such teeth on the radula, but 
in the garden slugs there may be nearly fifteen thousand set 
in rows of about a hundred each, the whole looking under 
microscope like a very irregular file. The action of using the 
radula is precisely a filing motion, the food being rasped up 
into pieces sufficiently small for the stomach to deal with. 

In the cuttlefish there are a pair of homy jaws and a radula, 
but the latter is reduced to extremely small dimensions 
whereas the jaws are much enlarged and strengthened and 
curved to form a formidable beak, like a parrot’s beak in 
shape and having similar powers. The Lamellibranchs 
(oysters, mussels, cockles, etc.), on the other hand, have 
neither jaws nor radula and the head has become practically 
nothing more than an opening into the gullet, for the simple 
reason that they feed on small plants and animals of micro- 
scopic dimensions carried in by the same currents of water 
that bring oxygen to their ^lls. In this case the food is trapped 
on the gill-plates and carried up to the mouth by rows of fine 
protoplasmic hairs. 

The feeding mechanism of the Lamellibranchs is not at all 
easy to describe in a few words, but by dealing in round terms 
wiffi the anatomy of the oyster, it may be possible to make 
dear the general principles on which it works. An oyster is 
roughly comparable to a book of which the valves form the 
covers. Immediately within the valves, and actually respon- 
sible for their formation and growth, are two broad flaps of 
flesh known as the mantle. Within the mantle are the gills, 
delicate plate-like organs composed of a fine lattice-work 
plentifully supplied with blood-vesseb and covered with 
countless fine protoplasmic hairs. The gills constitute what 
is known popularly as the “ beard At the centre, between 
the pair of ^-plates on either side, is the muscular foot con- 
taimng the vital organs. In life the protoplasmic hairs covering 
the gills are in constant and concerted action, driving a current 
of water across the gill-plates, the edges of the mantle being so 
arranged that water can be drawn in at one point and driven 
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out at another. In many bivalves the process is assisted by 
siphons, or tubular prolongations of the edge of the mantle, 
one siphon for drawing the water in and the other serving as 
a waste-pipe. 

THE SHIFWOIIH, DESTROYEIUIMHIEP 

I T B the enormous over-development of the siphons that 
has enabled the shipworm to pursue its destructive activi- 
ties. The shipworm bores into the timbers of piers and break- 
waters and, before the days of copper-sheathing, was a source 
of considerable trouble to shipping. It consists of quite a 
small body proper, enclosed in the usual bivalve shell, from 
which extend backwards a pair of long siphons. In some 
species the siphons are up to two or three feet long. The 
manner in which the boring of timbers is carried out has not 
yet been fully elucidated so that it is only possible to say 
what the shipworm does and not how it does it. The tunnels 
are driven into the wood with the grain and a piece of timber 
well-infested is excavated with longitudinal tunnels, many of 
them separated from each other by the thinnest partitions of 
wood imaginable, so that what appears to be a mighty baulk 
of timber is really a fragile mass, ready to fall to pieces at the 
buffeting of the waves. 

A close relative of the shipworm, tho piddock, bores into 
limestone rocks, and evidence of its work may be seen in the 
limestone pebbles, sometimes picked up on the shore, which 
are riddled with holes into wMch the finger can be inserted 
with ease. The piddock, however, has not undergone the 
change seen in the shipworm. It is a normal bivalve with the 
front ends of the shell ornamented with rows of rasp-like 
teeth, to assist in the boring, and a pair of siphons only slighdy 
elongated. Some piddocks bore into driftwood, and samples 
of their handiwork may, again, be picked up on the shore. 

WHAT CAN THE SHELL CREATURES SEE, HEAR AND PEEL? 

A lthough in general construction, in the possession of 
highly organised digestive and respiratory systems, and 
in their habits, the Molhisca show a considerable advance on 
the backboneless animals or invertebrates considered so far, 
the development of their nervous system does not appear to 
have kept pace with the development of the other parts of the 
body. They have nothing comparable with the highly organised 
and centralised brain of the vertebrates. TTieir nervous sys- 
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shell is internal (the familiar cuttle-bone of the octopus is a 
good example), and the foot has become modified and much 
dtered in shape to form the arms and tentacles. The eyes are 
large and have much the same appearance and structure as 
the eye of a vertebrate, and there is a concentration of the 
nervous ganglia which is the nearest approach to a brain found 
in the Mollusca. 

Just behind the head is seen the opening of a pouch, formed 
by the mantle being wrapped around the body, and from this 
protrudes the end of a siphon, known as the funnel. The 
funnel is the organ of locomotion, a stream of water being 
constantly driven out from it in a regularly pulsating manner. 
When the animal is stationary, the discharge from the funnel 
is of a mild character and directed first this way and then that 
in order not to disturb the surrounding water too much and 
to keep the body in the same position, but the moment the 
cuttlefish is alarmed, or wishes to pursue its prey, water is 
driven out in strong jets and these have the effect of driving 
the animal backwards through the water at a rapid rate. 

INK THAT LASTS FOR THOUSANDS OF YEARS 

C onnected with the funnel is a structure peculiar to cuttle- 
fish, the ink-sac. This is divided into two portions, the first 
holding the main supply and the outer portion containing a 
diluted store ready for use, so that at the moment of alarni, 
the valve leading into the funnel is opened and each jet of 
water comes out as a cloud of dense black ink, under cover 
of which the cuttlefish retreats from its foes. Ink-sacs are 
commonly found as fossil remains and even now, after the 
lapse of countless thousands of years, it is often possible to 
make a usable ink from them. 

Small octopus and squid are commonly met with off the 
coasts of the British Isles. Sometimes they may be found in 
rock-pools, left behind by the receding tide, although sharp 
eyes are needed to see them, since they possess the power, 
more familiarly associated with the chameleon, of digging 
their colour according to the background they are on. But 
such examples are usually very small, perhaps an inch or two 
across. Further out, in the deeper waters, larger examples 
arc found, while, at rare intervals, squid, measuring five, six, 
or even twelve feet long are cast up during storms, particularly 
on the east coast. 
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insects, centipedes and spiders together form a 
oup called the Arthropoda or animak with jointed 
js. The first three of these form quite a definite 
series and appear to be sharply separated from the spidets. 
In addition ^ere is another animal called Peripatus — a primi* 
tive, worm-like creature, retiring in habit and living in damp 
plates in the tropics of Africa and America, in Australia and 
New Zealand. It is an interesting animal, because it shows 
amities with worms on the one l^d and Arthropoda, espe- 
dally the insects, on the other ; we shall say no more about 
Peripatus, but it should be remembered as one of those 
synthetic sort of animals which combine the qualities of two 
or more widely separated groups and whose very existence 
enables us to build up a fairly accurate knowledge of tM>w 
higher groups may have evolved from the lower. 

The arthropod body consists of a series of rings and, 
theoretically, each ring or segment carries a pair of le«. 
This is well shown in the centipedes. When we come to me 
higher forms, these legs tend to disappear from some of the 
segments, fusion of the segments takes place and specialisation 
for various purposes sets in. Some of the legs are no longer 
used for walking but become modified as jaw-feet. On account 
of changes of this kind, we shall find it convenient to describe 
the legs and similar structures as appendages, a term which 
can include antennae or feelers, daws of crabs, claw horns or 
chelicerae of spiders as well as the modified jaw-feet of Crus- 
tacea (lobsters, crabs, shrimps, etc.) and of insects. 

r.‘ ' i’-. 

MANY40INTID UMSS 

ARTHROPODS may be* recognised by their strong, homy 
/xarmour which would greatly hamper their movements were 
it not for the many-jointed limbs from which the group gets 
its name. The possession of antennae or feelers is quite char- 
a^ristic. Like practically all other groups of the animal 
kingdom, and as we should expect from their great diversity 
and numbers, the Arthropoda has representatives in evci^ 
sphere of animal activity ; they flourislx in the air, on and in 
the earth, and in the seas, rivers and ponds. It is interesting 
S.L.T. 161 F 
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to recall that even the typically water-loving Crustacea have 
sent a few representatives to the land as in the case of the 
land crabs and wood lice. This almost universal distribution 
is the outcome of success in evolution brought about by a 
remarkable adaptability on the part of the organisms — there is, 
for example, a shrimp which lives in concentrated brine I 

In the life histories of two great sub-groups of the Arthro- 
poda — the Crustacea and the Insects — there is rarely a direct 
change over from egg to adult comparable to the way in w^hich 
a hen's egg gives rise to a chick of more or less the same form 
as its parents ; there are phases interpolated, each phase being 
marked by a stage in the life history w liich is quite characteristic 
in form and structure. In other words, the young arthropod 
may look very different from its parents. Such a series of 
changes is referred to as metamorphosis and the complexity 
of the metamorphosis may vary very much in character and 
degree in the different members of the group. Unlike many 
of the lower animals, the sexes are usually separate. 

The Crustacea, which includes the Crabs and Lobsters, is 
typically a water-inhabiting group breathing by gills. The 
Insecta, which typically dwells on the land, breathes by means 
of air-tubes. 

The arthropod group has a particular claim to man's atten- 
tion, for it is important to him in a variety of ways, pleasant 
and otherwise — it may afford him food like crabs and shrimps ; 
it may destroy his possessions as the terniitcs do ; it may ruin 
his crops in the way the Colorado beetle does ; it carries dis- 
ease through the house-flies, mosquitoes and lice ; it supplies 
the bees which pollinate his flowers. 

THE CRAB FAMILY AND ITS CONNECTIONS 

W HEN w’c speak of Crustacea, we think at once of the 
crabs and crab-like animals wLich are really the highest 
and largest members of the sub-group. There are, however, 
a host of small forms which are quite unlike the crabs both 
in structure and habit. Most of the newly hatched young are 
quite different from their parents and only attain to the parent 
form after a series of immature stages — i.e. the life-history 
of most Crustacea includes a complicated metamorphosis. The 
Crustacea group can be divided into two parts : one wLich 
contains all the familiar forms like the crabs, lobsters and 
shrimps, and a second, including all the other forms. Anyone 
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who has collected in ponds knows the water flea, the little 
Cypris, which looks like a bivalved shell -fish, and the Cyclops ; 
a microscope must be employed to see the details of structure 
of these tiny creatures. 

Water fleas are the most abundant of the fresh water Crus- 
tacea. They live in a sort of transparent bivalve shell from 
which their heads project. The popular name of water flea 
was given to it on account of its jumping actions when 
swimming. If you watch one under the microscope, you can 
see its method of swimming. It is carried through the water 
by backward strokes of its two antennae. Four to six pairs of 
legs act as paddles to create a current of water between the 
valves of the shell from back to front, and this carries small 
food bodies tow'ards the mouth. The head bears a large eye. 
Between the shell and the animaFs back there is a space, 
which in the female is used as a brood-pouch ; this is usually 
filled with developing but unfertilised eggs, for males are 
never found during the greater part of the year. These eggs 
give rise to tiny water fleas, so that there is no metamorphosis. 

When the males appear, as they do at certain seasons, the 
females lay eggs which cannot develop without fertilisation, 
and if these eggs are examined, they are seen to be enclosed 
in a protective case which shelters them from the adverse 
conditions of the outer world. In this condition they can be 
transported either by the wind or by birds from one pond to 
another without injury. Not infrequently, water fleas sud- 
denly appear in ornamental garden pools and are no doubt 
carried there by one of these agencies. 

Cyclops is another common denizen of ponds, and its life- 
history includes a metamorphosis. Cyclops has a pear-shaped 
body which gradually narrows down behind to a forked tail. 
The head carries a single eye of a reddish colour. Unlike the 
water fleas, Cyclops has two pairs of antennae, the second 
being much shorter than the first pair. It has mouth -parts 
which are jaw-feet, and four pairs of forked legs used in 
swimming. In contrast to the water fleas, Cyclops pass 
smoothly through the water. Females carrying long egg sacs 
can frequently be collected from ponds. The eggs, how- 
ever, db not give rise to small replicas ot the adult, but hatch 
out into little oval larvae (an immature stage which is unlike 
the adult) with three pairs of limbs and a single eye. This 
larva is called a nauplim and it eventually develops into the 
adult. 
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The relatives of Cyclops are numerous and diverse. Many 
of them are marine, living near the surface of the sea. Some 
are economically important as food for herring ; others, such 
as fish lice, are parasitic. Some, through their parasitic habit, 
degenerate into immobile, shapeless masses. Others are 
numbered amongst the most beautiful creatures of tropical seas. 

AN ANIMAL THAT KICKS FOOD INTO ITS MOUTH 

A NOTHER well-known creature in this group is the barnacle, 
80 common above low-water mark on the rocks of our 
coasts. Older naturalists thought barnacles were she 11 -fish, 
which is not surprising ; later, it was seen that the eggs gave 
rise to a nauplius larva which linked them up with other 
Crustacea. This nauphus larva swims about for a time and 
then changes into another larval form which resembles the 
bivalved cypris already mentioned and is therefore called the 
Cypris larva. It possesses six pairs of legs, and the antenna? 
carry suckers with which the animal eventually attaches itself 
to a rock, when the shell falls oflF and development proceeds. 
Huxley described the barnacle as “ a Crustacean fixed by its 
head and kicking the food into its mouth with its legs.'* If an 
acorn barnacle is watched, these feet will be seen at work 
sweeping the surrounding water for prey. Little valves of the 
adult shell open and close to allow the legs to protrude. 

A relative of the barnacle is the parasite Sacculina, W'hich is 
frequently found under the abdomens of crabs. It sends root- 
like processes through the crab’s armour, and these eventually 
penetrate to every organ of the body and absorb nourishment. 
Sometimes the presence of the parasite changes the sex of the 
crab. Through parasitism, great degeneration has taken place 
and there is not the slightest hint that the adult Sacculina is 
an Arthropod at all — but the life-history gives it away and 
we find the characteristic stages of a crustacean’s life. 

The life -history of Sacculina is given in the following scheme: 

Adult Sacculina 
/ on Crab \ 

Cypris larva 
on Crab 

\ Nauplius larva % 
free swimming 




SOME MINUTE RELATIVES OF THE CRAB 
Cyclops^ Water Fleas and Fairy Shrimps are all Crustacea^ 
the family to which the Crabs and Lobsters also belong. 
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THE FROLICS OF THE FAIRY SHRIMP 

A very beautiful inhabitant of small ponds is the Fairy 
Shrimp, which much more closely approximates to our 
idea of a typical crustacean than any of the prec cdini? examples. 
It is transparent, with a reddish forked tail and reddish limbs. 
The whole body is rinp^ed, and the first eleven rings (exclusive 
of the head) carry paddle-like legs. The eyes are large and 
black and are elevated on stalks. Fairy shrimps have the 
curious habit of lying on their backs and drawing a current of 
water and food particles to their mouths by paddling with the 
feet. The small ponds in which they live may often dry up, 
and in this case their eggs lie dormant in the mud at the 
bottom, ready to develop when moisture comes again. The 
egg gives rise first to a nauplius larva which, by a series of 
moults, gradually assumes the adult form, acquiring segments 
and limbs. 

We must now turn to that section of the Crustacea which 
includes the crabs and crab-like animals, such as the lobsters, 
shrimps and prawns. Other members of this section are the 
sand hoppers, which are often seen in myriads on sandy 
shores, and the familiar wwd lice of our gardens. In the 
forms we have so far studied, there has been no definite 
division of the body into well-marked regions, but now we 
can easily identify three regions : the head which bears the 
eyes and antennae ; the thorax with eight pairs of w^alking 
appendages, some of which may be modified for special pur- 
poses ; and the abdomen, consisting of six rings, each bearing 
one pair of appendages. The abdomen terminates in a tail- 
piece without appendages. The structure of the thorax is 
often hidden by a protective horny cover-shell, or carapace, 
which sometimes fuses with the armour of the head, as in the 
crayfish. 

In the case of the shrimps, lobsters and crabs, the first three 
pairs of thoracic legs are unlike the remaining five pairs which 
are used for walking (the name of the order describes these 
five pairs of legs, i.e. Decapoda or ten feet) and are modified 
to act as foot-jaws. Of the five pairs of walking appendages, 
one or more have pincer-like extremities and are used for 
food-capture or defence ; these are very obvious in the crabs. 
The gills are feathery^ structures at the bases of the legs ; the 
blood passes through the filaments of the gill and exchanges 
its carbon dioxide for some of the oxygen dissolved in the 
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water. By placing a little powdered dye near the last walking 
legs, one can perform a simple experiment on the crayfish 
which will show the way in which a current of water is created 
by the paddle-action of the m(Mith- parts. The water passes 
under the shell near the last pair of legs and out again near 
the head in such a w^ay that a constantly changing stream of 
water passes over the gills so that the animars oxygen supply 
is continually being replenished. 

The tendency in this order (l)ecapoda) is towards the reduc- 
tion is size of the abdomen. In the crabs, the abdomen is very 
small and is tucked under the thorax ; in the shrimps, however, 
it is quite large and its swimming limbs are the principal loeo- 
motory organs. 'I'hese changes arc connected with the walking 
habits of the crabs and the swimming habits of the shrimps. In 
view of these characteristics, we could speak of the crabs as the 
Short-tailed Decapods and the lobsters and shrimps as the 
D)ng-tailcd Decapods. The Hermit crabs come into a dilferent 
category, as their tails are asymmetrical. 'I'he crab-like animals 
can therefore be split up into three sub-orders : 

The Mackur.\ or long-tailed forms like lobsters, 
with strong abdominal limbs. 

The Anomura or irregular tailed forms like the 
hermit crabs, with a twisted abdomen. 

The Brachyura or short-tailed forms like the true 
crabs with small abdomens and few abdominal 
limbs. 

The long-tailed Macrura include swimming and walking 
forms like the prawms, shrimps and lobsters. Prawns and 
shrimps are frequently seen in the rock-pools lefi by the 
receding tide ; the shrimps lie on the sandy bottom of the 
pool, half-covered in the sand, and it is only when the water 
is disturbed that they can be seen darting about in st arch of 
a new retreat. Many of the prawns possess the power of 
colour change. 

The lobsters lurk in crevices in the rocks ; their habits can 
be studied in the aquarium at a zoo. They back into thr>.e 
little caves, and often only the large, pincer-like limbs can be 
seen, waiting to seize any suitable prey. The large pincer 
claws differ from one another in size and shape, one pair of 
pincers being large and knobbed, the other smaller and saw- 
like. The large one is used for breaking up shell -fish, the other 
for clasping and tearing the prey. If a lobster is caught by one 
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THE LOBSTER^S LEGSL ARE USED AS WEAPONS 

The lobster's two “ pincers'' used as weapons of defence and 
to capture foody are really one of its five pairs of walking legs. 
The order of Crustacea to which the lobstersy shrimps and 
crabs belong — the Long-Tailed Decapoda — takes its name from 
these ten legs characteristic of all its members. In the lower 
diagram y the lobster is drawn in section to show its internal 
organs. 

of its legs, it has little compunction about leaving its leg in 
your fingers and making its escape. This is not so drastic a 
measure as one would think, for its legs are provided with 
special breaking points for this purpose and, what is more, 
it can grow' another leg to take the place of that which w'as 
lost — in other w'ords, the limbs can be regenerated. The eggs 
of the lobster give rise to little transparent larva' which swim 
near the surface of the sea — this in contrast to their parents’ 
habit, which is to remain on the bottom. 

The CVayfishes are fresh-water relatives of the lobsters, and 
they live in some of the English and Irish rivers ; they Inirrow 
holes in the banks and either await their prey there or go 
hunting along the bottom. When alarmed they retreat with 
great rapidity by means of strong strokes of their tail fans and 
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contraction of the abdominal muscles. The young crayfishes 
are like their parents and spend their early days in clinging to 
the swimmerets of the mother’s al»d<)men. The green crayfish 
of England is seldom used as food, the red continental form 
being specially imported for this purpose. 

THE CRAB THAT TAKES A PAYING GUEST 

hermit crabs or Anomura are soft-hodied and so for 
1 protection use empty gastropod ' shells as houses. The 
gastropod is spiral and, consequently, moditications in the 
body form of the Crustacea have taken place. In habit they 
are extremely active and may be seen running over the sea- 
weed-covered stones in rock-pools, carrying their acquired 
shelters with them. When alarmed they withdraw into this 
shelter. One of their pincer-claws is much larger than the 
other, and serves as a door to close the entrance to the shell 
when they are inside. Not infrc<!juently the shell carries a 
sea-anemone, which shares the crab’s meals and, in return for 
board and lodging, protects the crab by means of its stinging 
cells. A little crab, which lives in the Indian Ocean, actually 
carries a living sea-anemone in each claw and uses them as 
weapons. 

The true crabs are usually broader than they are long, the 
abdomen being merely a small flap which is folded under the 
thorax, and there is no terminal tail fan. ’Ihe abdominal 
appendages are only developed to any extent in the female, 
where they act as organs of attachment for the numerous eggs 
— a condition spoken of as “ being in berry.” The life-history 
of the crab is complicated and consists of three mail, stages, 
two of which are larval. The typical larva is called liie /oea. 
It is a characteristic helmet-shaped creature, with large spines 
and foot-jaws, slender, ringed abdomen and tail-fork. This 
becomes a megalopa larva wdiich resembles the adult except 
for the abdomen, w'hich is large and bears true swimming 
legs. The zoea and megalopa are surface-living stage.s, at 
which these creatures are often obtained in tow nets. 'I'lie 
adult crab develops from the megalopa larva. 

THE SPIDER CRAB’S WARDROBE: DRESSES FOR ALL OCCASIONS 

T he Crabs show us a diversity of habits. The long-legged 
Spider crabs dress themselves up in costumes of sponge and 
seaweed, which they gather and stick on their backs and legs 

^Sec p. 146. 
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to make themselves inconspicuous against the vegetation ot 
their environment. They will change their dresses to suit 
their surroundings I 

The largest living arthropod is a spider crab, living in Japan; 
the legs outstretched may together measure so much as ten feet. 
Crabs, like the Velvet crabs, swim quite easily by means of the 
paddle-shaped terminal joints of their last legs. Then there are 
the land crabs of tropical countries, which have large gill 
chambers lined by a membrane, through w^hich oxygen is 
absorbed — the chambers act as lungs. They always keep in 
touch with the sea, for their young are marine and the adults 
go down to the shore at the breeding season. 

I'he wood lice are the only Crustacea adapted for a life 
spent entirely on land. I'heir general appearance is well 
known. Most of the relatives of the wood lice are marine 
and some are inhabitants of fresh water, like the common 
Asellus of our English ditches ; others show an intermediate 
state between the marine and terrestrial lorms, and occur in 
rock-pools and between tide limits, one living just above high- 
water mark and yet within reach of sea spray. Others arc fish 
parasites, some of which are peculiar in that they transform 
themselves from young free-swimming males into parasitic 
females. 

The brown Oniscus and blue Porcellio are the common 
garden forms, which live in moist situations under stones 
and wood. They show the beginnings of an air tube system 
comparable to that of insects- -but, in other respects, the wood 
lice are far removed from insects. One of the wood lice is 
sometimes found as a guest in the nests of ants. 

'ri\e sense of sight in Crustacea is well developed and they 
possess two kinds of eyes ; these wall be described w^hen deal- 
ing with insects, since they are similar in the two groups. Like 
insects, too, Crustacea appear to appreciate differences or quali- 
ties of colour. For example, green light rays appear to attract 
w'ater fleas more than other colour rays. I'hey move tow^ards 
light in preference to darkness ; this is a practical measure, 
for the\ iced on minute floating plants which require light for 
growth and multiplication. 

Some Crustacea have balancing organs in the form of pits 
lined with stiff hairs W’hich rest on nerve cells. The Crayfish, 
for example, collects sand grains and places them in the pit 
in such a w'ay that they rest on the hairs. As the Crayfish 
changes its position from the normal, the pressure of the sand 
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HOW THE CRAYFISH KF:EPS THE RKIIIT 
WAY UP 

The diafftam shows the mechanism enabling the Crayfish and 
some other Crustacea to recognise their position in space. In 
each antennule, at the end where these join the head^ there is 
an opening leading to an auditory saik or pit^ which is lined 
with stiff hairs resting on nerve cells. The Crayfish tosses sand 
grains into this pit and is made aware of any change in its 
position by variation in the pressure of the sand on the pit hairs. 

grains on the iiairs varies, and a message is passed on to the 
nervous system and the necessary correction made. If iron 
filings are substituted for sand grains, the position of the 
Crayfish can be controlled by means of a magnet ; the Cray- 
fish will swim along quite happily on its back under these 
conditions. 

CREATURES THAT CARRY THEIR OWN LAMPS 

O THER Crustacea possess light organs ; some exude lumin- 
ous secretions ; the Euphausids — transparent, shrimp- 
like creatures living near the surface of the sea — actually 
possess little lamps complete with lens and reflector. 
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Enough has been said to show the great range of crustacean 
form and life in salt and fresh water and on land. In point of 
numbers, as well as in parts of their structure, they could be 
called the insects of the sea, and from the insects of the sea, 
we must turn to the vaster assemblage which are the insects 
of the land. 

THE GREAT ARMY OF INSECTS 

T he Insecta is a group so large and diverse and yet so 
specialised that the study of it requires special methods 
and knowledge. The study of insects, or entomology, has its 
roots in zoology, but it now flowers almost independendy of 
the mother science. The blooms, however, must be viewed 
together to appreciate their mutual contributions to the pat- 
tern of life. 

The insect body is divided into three well-defined regions : 
the head, a division called the thorax, and the abdomen. The 
head carries such organs of sense as the eyes and antennas ; 
the thorax, the locomotory limbs or appendages — the legs and 
wings — while the abdomen is completely devoid of such struc- 
tures, any appendages which it bears being connected with 
pairing. The cavity of the thorax is almost completely filled 
by the wing muscles, while that of the abdomen is occupied 
by the digestive glands, fat body and such parts of the ali- 
mentary canal as the crop and gizzard, and the reproductive 
organs. If the external features of an insect are examined, it 
will be seen that the rings or segments ot the abdomen arc 
much more complete and more easily made out than those 
composing the head and thorax. In the adult, the rings of 
the head and thorax have fused in connection with the special 
functions of eating and flight, etc. As already mentioned, 
each ring of the primitive arthropod carries paired limbs, so 
that the presence of paired limbs is evidence of a segmental 
origin which is otherwise hidden in such regions as the head 
and thorax. 

On this e\idence, coupled with other observ^ations relating 
to the arrangement of the nervous system, we find that the 
head is composed of six or seven rings or segments, four of 
which are indicated by the antennae, and three pairs of jaws. 
The thorax is made up of three rings which are identifiable 
by the three pairs of legs which they carry, the wings being 
borne on the middle and last of these segments. The abdomen 
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THE HUMAN FLEA 

The human flea, here drawn twenty-two times natural size, 
is an insect possessing three clearly marked regions : head, 
thorax and abdomen. Although wingless, the flea is classified 
with the winged insects, because it has lost its wings only through 
its mode of life. Its ancestors were winged. Note how the 
body is divided into segments. 

is composed of eleven rings, which are much less specialised 
than those of the head or thorax. Any apparent reduction in 
the number of rings towards the tip of the abdomen is due to 
telescoping and specialisation in connection with the organs 
of reproduction. 

THE INSECTS’ SHORT CUT TO DEEP BREATHING 

I NSECTS have a peculiar method of breathing. Quite a lot of 
the lower animals breathe either entirely, or in part, by die 
surface of the skin, but the thick horny covering which is 
present in insects makes this impossible. Unlike highci ani- 
mals, they have no structures at all comparable with hings, 
where the blood of land vertebrates is oxygenated and from 
which the oxygen is carried round in the blood circulation to 
the various tissues of the body. No such carrier of oxygen 
exists in insects. 
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The blood of insects no doubt serves primarily for food 
distribution and excretion. The air takes a short cut to the 
tissues through a series of apertures situated along the sides of 
the body ; in the typical insect there are ten pairs of these 
apertures (called spiracles). Two are found on either side of 
the thorax, and the remaining eight pairs are along the sides 
of the abdomen. These spiracles, which are oval in outline, 
can be opened and closed, thus enabling the animal to control 
its respiration in accordance with its needs. The spiracles 
lead into long, ramifying tubes which come into intimate 
contact with all the tissues, and it is along these tubes that 
the air travels. The important thing to remember is the fact 
that the air is brought directly to the organs of the body and 
therefore requires no carrier like the blood. 

Following on this is the question of circulation, of w'hich 
one of the main functions in the higher animals is that of 
respiration. In insects where respiration is carried on inde- 
pendently of the blood, we find that apart from the tubular 
heart and aorta, there are no structures corresponding to 
blood-vessels. The blood from the aorta is discharged into 
the body cavity — in other words, no well-defined blood system 
exists. 

SEEING IN SECTIONS: THE INSECTS' MANY^IDED EYE 

T he eyes of insects are usually very prominent, and, if 
looked at under a lens, are seen to be divided into numerous 
six-sided areas or facets. Each facet is supposed to focus on 
its visual cells a portion, say of a 5ower, in such a way that 
the flower is broken up into as many parts as there are facets 
and the separate images so made combine to form the whole. 
It is as though the pieces of a jig-saw puzzle were uniform, 
each piece corresponding to the image of a facet and fitted 
together to give the complete picture. As a result of the 
nuiiute pictures supplied by the cells of each facet, extremely 
keen vision obtains, and the slightest movements in the insect’s 
environment are detected. Every novice in the art of insect 
collecting knows this only too well. 

The larger the facets the less detailed will be the combined 
image. In some insects, the eye is built up of large facets 
dorsally-placed (that is, on top), which probably indicate diflter- 
ences in illumination and movement, and small ventral ones 
which give detailed vision — a shadow falling across an insect 
sitting on a leaf will be registered by the dorsal or upper half 
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of the eye with its large facets, while the insect perceives in 
detail the surface of the leaf with the smaller faceted lower 
half of the eye. An eye composed of numerous facets is knowTi 
as a compound eye in contrast to another eye structure in 
insects called the simple eye or ocellus, wliich consists of a 
single undivided area of moditied skin or cuticle forming 
a lens which can register a simple picture ; this tyj>e of eye 
is found in insect larv^ne where the compound eye is usually 
absent. Both types of eye occur in the adult where the ocelli 
are borne dorsally, but in the larva tliey are found at the sides 
of the head. 

The whole question of vision is a compIicAtcd one. Betore 
leaving the subject, it should be pointed out that clarity of 
vision not only infers an efficient eye but a well-developed 
nervous system as well. 

It is often assumed that flowers have evolved attractive 
colours for purposes of pollination by insects, from which 
it would follow that insects themselves possess an lesthetic 
appreciation of colour. Such an assumption is extremely 
doubtful, and it is much more probable that a flower wdiich 
stands out from its fellows by contrast will be the one which 
attracts the insects — brightness is probably more important 
than shade of colour. Reds and purples attract some butter- 
flies more than whites. Experiments in this connection have 
been performed on bees, and one series, designed by C. H. 
Turner, may be described. 

A number of coloured discs fixed to sticks were set up 
amongst flowers which were constantly visited by honey bees ; 
the bees still visited the flow'ers, in spite of the huge amount 
of honey with which the discs were covered. But if the bees 
discovered the honey on a coloured disc, they would still 
visit the same colour even when the honey had been removed, 
and this despite the fact that a honey-laden disc of another 
colour was in the vicinity. Such experiments show that neither 
scent nor colour alone are sufficient to guide bees to a food 
supply. Turner concluded that both vision and scent are 
necessary to guide the bees to a source of honey. 

THE INSECTS’ GREATEST ALLIES : TOUCH AND SMELL 

T he hard coat wnth which insects are covered obviously neces- 
sitates the provision of special organs of touch to connect 
the outside world with the nervous system so that the insect 
may react in the way best calculated to meet external stimuli. 
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The insect body is covered with hairs which rest on sensory 
cells, and when these hairs are touched, the stimulus is passed 
on to the nervous system by the sensory cells. 

Touch to insects probably means something more than touch 
to man, for they often show in their reactions discrimination 
between types of touch other than degrees of pressure. For 
example, a caterpillar passing over a leaf may have its sensory 
hairs depressed by the leaf hairs and it shows no visible 
reaction ; on the other hand, should it be touched by some- 
thing new to its experience, it exhibits a definite response. 
As in other animals, heat and cold are distinguished by the 
servse of touch. There are also other hairs capable of detect- 
ing chemical stimuli. The sense of touch is very important 
to social insects like ants which spend much of their time in 
the dark. 

The insect smells with its antennae. In the bee, the smelling 
or olfactory organ is composed of an oval plate overlying 
sensory tissue, the whole being borne by the antenna. If the 
organ is cut away, the bee exliibits no powder of smell. The 
social insects recognise members of their own colony by nest- 
smell. Since we have been speaking of the olfactory sense, 
this is the place to draw the reader’s attention to the fact that 
n'lany insects are able to produce scents. These may be pro- 
tective and are then used to deter enemies, or they may 
perfonn the function of attracting oppr)site sexes — male or 
female. Male moths are often attracted to a female in this 
way from quite a considerable distance. 

THE INSECT WHOSE VOICE IS IN ITS LEGS 

Y OU have often heard grasshoppers on the commons ; they 
are not calling to you but to each other. The grasshopper’s 
note is obtained by drawing its hind-legs across the edges of 
the fore-wings ; the inner edge of the leg bears a row of pegs 
which are nibbed against the w’ing to produce a high-pitched 
note by frictign. The frictional method by w hich one part of 
the body is rubbed against another part is by far the commonest 
method employed in calling. The vibration of wings in the 
bumble bee produces sound. The Deathw^atch beetle in old 
furniture taps its head on the w’ooden floor of its tunnel and 
produces a noise like the ticking of a watch. 

Sound may be used as an attracting or w^arning signal in 
insects. Insects calling to each other implies some sort of 
hearing apparatus in the group. The grasshopper’s ears are 
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FIRST FIDDLE IN THE INSECT ORCHESTRA 

The grasshopper produces its high-pitched note hv drazving 
its hind-kgs — the inside edges of zvhich are equipped ndth a row 
of pegs — across the edges of its fore-icings. It hears hy means 
of ears situated in its abdomen ! The grasshopper at the 
bottom left of the picture is about lije size. 

in its abdomen ! These ears are complicated structures but 
they are easily recognised. An oval membrane is found at 
the sides of the first abdominal ring ; sound waves cause it to 
vibrate, and these vibrations are p^assed on to the a[>prt)priatc 
ner\"e. I'here are other methods of sounding and hearing, but 
these examples will serve to show that ways exist. 

A FEARSOME ARMOURY FOR BITING AND SUCKING 

T here are two methods of feeding emp')loyed by insects - 
biting and sucking. Primitive insects show the typical 
biting condition, and a study of their mouth-parts rc\eals 
three pairs of jaws : the strong, tooth-like mandibles and 
two other pairs called maxillae or accessory jaws. They are 
well seen in the cockroach. A biting insect is able to feed on 
solid particles of food which are torn up by the mandibles 
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and shovelled into the mouth by the accessory jaws. In higher 
insects which feed on nectar, the mouth -parts have become 
adapted to sucking. We may cite the butterflies as examples 
of insects with mouth-parts considerably modified to meet 
these requirements. Other insects have mouth-parts with 
both biting and sucking constituents and are therefore inter- 
mediate between these two extremes. 

The mandibles have a crushing surface in insects which feed 
on plants ; in carnivorous insects they are pointed. Such 
cnjshing and pointed mandibles are found in grasshoppers, 
sawflics and beetles. In man\ male insects, as, for instance, 
in the Stag beetle, the mandibles are very much larger than 
those of the female and are used as weapons in addition to their 
usual function. The wasp has mandibles for chewing wood to 
pulp, and in general form these are similar to those of the cock- 
roacli ; the bee, on the other hand, has club-shaped mandibles 
used in comb-building. Similar modifications in connection 
with feeding occur in connection with the other two pairs of 
jaws and in the more highly specialised insects the two tend 
to fiKse. 

In general, the mouths and jaws of most mature insects are 
more highly organised than those of the primitive biting type 
of the cockroach and larva). In butterflies, the second pair of 
jaws (maxillie) are prolonged into a sensitive sucking tube for 
reaching down to the nectaries of tubular flowers. In bees 
and flies, the third pair of jaws (second maxillai) are similarly 
modified. The mouth of the female mosquito shows us quite 
a set of implements for piercing the skin and sucking the 
blood. The mandibles and maxilla) are prolonged into fine 
blades ; the maxilla: are furnished with little saws at th'eir 
tips, and there is also an unpaired lancet and sucking tube 
for drawing up the blood. The male mosquito, which does 
not suck blood, is devoid of these specialisations. 

All these modifications have interesting biological reactions : 
an insect whose mouth-parts have undergone little specialisa- 
tion can feed on widely different things, and hence its distribu- 
tion is not seriously hampered by the scarcity of one particular 
kind of food. As specialisation increases, the insect’s distribu- 
tion depends upon food factors and its range becomes limited 
by these, until we find certain insects confined to localities 
where a particular plant grows ; blood-sucking flies, like the 
tsetse fly, are confined to regions inhabited by the animals 
upon which they feed. 
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PROM YOUTH TO AGE : A COMPLICATED BIOGRAPHY 

H aving learnt something of the wavs in which an insect can 
live and react to its environment, it is now possible for us 
to turn to the types of life^history and its stages. Primitive 
wingless insects like the spnngia’k, which are commonly 
found amongst the grass of certain meadriws, hatch out from 
the egg in a form very like the parents, so that there is no 
metamorfdiosis. The complications of metamorphosis arose 
with the development of wings. I'herc arc two types of wing 
development : first, that in which they develop gradually as 
external buds, and second, w^here they develop internally dur- 
ing the early stages of tire life-history and are later everted 
and remain in a half-grown condition for a definite period 
when, after a sudden change, they become fully grown. 

There are tvo orders of insects, the lice and the fleas, which 
are wingless and are yet included amongst the winged insects 
ii> classification, the reason being that their winglessness is a 
secondary modification due to their mode of life : their 
ancestors were winged. As already pointed out, in the true 
wingless forms like the springtails and bristletails, the life- 
cycle is direct, the egg hatching out into a young insect not 
very dissimilar from the adult into which it will grow. There 
is no metamorphosis. 

In the case of insects whose wings develop as external buds, 
there is a partial metamorphosis and the life-history consists 
of three well-defined stages — the egg, nymph and adult or 
imago. A nymph is the name given to a young insect which 
is hatched in a fairly advanced state of development but whose 
wings are only partially developed. The nymph possesses 
compound eyes and tissue identical with that of the adult. 
The change from nymph to adult is really a very slight one. 
This three-stage life-history occurs amongst cockroaches, 
crickets, stick insects, earwigs and bugs. 

The life-history of those insects whose wings develop inter- 
nally is more complex and is made up of four stages : the egg, 
larva, pupa and adult or imago. Young insects within the egg 
feed on the yolk and, where this is scarce, as it is in the eggs 
of many of the higher insects, the young have to emerge much 
earlier than those w'hich have plenty of yolk on which to feed. 
The result is that they hatch out at a much earlier stage and 
consequently diflFer very considerably from the parents in 
general shape and make-up. This young stage is called a 
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larva, and it differs from the imago or perfect insect in the 
possession of simple eyes and special larval tissue differing 
from that of the adult. Metamorphosis could be defined as 
the change from larval to adult tissue. The larval tissues 
ultimately break down, and buds which give rise to adult 
tissue are found throughout the body. 

A very active larva with well-developed legs is characteristic 
of the beetles ; the soft, cylindrical and much less active cater- 
pillar of the butterfly and the well-known maggot of the fly 
are both larvae. They vary in shape, size and habit, but they 
all have this in common, that they are the effective feeding 
and growing stage of the life-history. 

Following on the larval stage comes the inactive pupa or 
chrysalis, a stage of internal reconstruction, during which the 
adult tissues are being built up. This is a helpless phase, often 
seeking protection in a silk or earth-cemented cell or cocoon. 
Pupa? vary as much as larvae : the legs and wings may be 
free from the body as in beetles and bees ; they may be closely 
attached to the body and the pupal case rigid, with the excep- 
tion of the abdomen, as in butterflies and moths, or a definite 
puparium or capsule is formed from the larv^al skin as in flies. 

The final stage of the life-history is the imago or perfect 
insect whose principal function is that of reproduction. It 
may become so specialised to this end that the feeding mechan- 
ism degenerates altogether. In some cases the life of an adult 
varies from one hour to a fortnight, but, in the case of insects 
which emerge from the pupa in the autumn, the whole winter 
may be passed in hibernation until the spring heralds the time 
for egg-laying. In many examples very resistant eggs are laid 
at the end of the summer or in early autumn, which hatch in 
the spring and serve to carry the species over the inclement 
winter months. 

The imago has rarely any personal interest in the food plant 
of its larval days, and yet she invariably chooses a similar kind 
of plant on which to lay her eggs, thus making provision for her 
offspring. The Cabbage White butterfly does not eat cabbage 
but her larvae do, and so she always lays her eggs on cabbage 
leaves. 

The larva and n>Tnph, then, are the stages of growth, while 
the imago is essentially the unit in the life-history which makes 
for increase both in numbers and range — for its wings enable 
it to cover much wdder areas than a wingless form could 
negotiate and so a wider distribution of eggs is possible. 
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INSECTS THAT CAN LIVE IN WATER 

A lthoi:gh there are many insects which have taken to 
wMter, comparatively few of them are entirely aquatic ; 
they have to come to the surface at intervals to breathe atmos- 
pheric air. When we speak of an atiiiatic insect, we do not 
necessarily mean one which spends its whole life in the W'ater ; 
in fact tliere are very few’ which do so, although a bug and 
a fly which live entirely in the sea are known. No, we speak 
of an insect as aquatic if any part at all of its life is spent in 
water. In the case of an aquatic insect whose wings develop 
externally, it is usually the nymph, but in the higher aquatic 
insects the larva is the stage which lives in water, and it is 
these stages which are adapted for a water existence. 

'I'he eggs arc laid or dropped into the water, or else they are 
laid on vegetation verging the selected pond or stream. The 
female of certain species pierces the stems of aquatic plants 
with her egg-laying organ, or ovipositor, and lays her eggs 
in the internal tissues. When eggs are laid beneath the surface 
of the water, they resemble frog spawn in that they are cemented 
together by a gelatinous, water-absorbing material or mucilage. 

The nymph is the aquatic stage in stone -flies, mayflies and 
dragon-flies. 'Fhe larva is the aquatic stage in alder flies. In 
caddis flies, mosquitoes and gnats, all stages except the adult 
live in water. The big carnivorous water beetles live in water 
as adults and yet are dependent on atmospheric air for breath- 
ing. I’hey carry a supply of air to the bottom of the pond in 
the form of a bubble at their tails, and draw on this supply by 
means of their abdominal spiracles. The grown larva leaves 
the water and undergoes metamorphosis under the soil and is 
therefore terrestrial. Even the adult is not confined to water, 
for it can leave it to fly from one pond to another. Space 
forbids us to discuss each of these examples, so let us look 
more closely at the life -histories of the mayfly and the gnat. 

GROWING UP IN TIME TO DIE: THE MAYFLY'S 
CURIOUS HISTORY 

T he female mayfly drops her eggs into the water and the 
subsequent development extends over a long period. The 
n^TTiphs which ultimately hatch out are quite different from 
their parents in that they possess large biting mouth-parts and 
are entirely aquatic. The nymphal phase is a prolonged one, 
and may last for three years. The nymphs feed on small 
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aquatic creatures and vegetation. Their principal adaptation 
to aquatic life lies, as one would expect, in their breathing 
mechanism. They breathe by filamentous or thread-like gills 
which are penetrated by the air-tubes ; these gills are paired 
and are arranged along the sides of the abdomen. 

As we have seen, the nymph is unlike its parents, but con- 
trary to the usual sequence of events in such a case, the meta- 
morphosis from nymph to adult is incomplete. When fully 
grown, the nymph leaves the water; its skin splits down the 
back and a winged insect emerges. This is not the adult, but 
a peculiar and unique condition called the sub-imago which 
has been interpolated between the usual stages of n\Tnph and 
imago. The sub-imago flies away and moults once before 
reaching maturity. These discarded sub-imaginal skins are 
often found on fences near streams. The adult mayfly is 
easily identified by the three long streamers which project 
from the abdomen. An adult W'hich may have taken three 
years to develop may only live long enough to lay eggs — a 
matter of a few hours. 

The gnat lays masses of eggs on the surface of ponds, and 
these eggs are so placed that on hatching the larvae can imme- 
diately take to the water. The larvae or “ wrigglers ” are 
commonly found in outdoor water butts and troughs in the 
summer. The larva is dependent upon atmospheric and not 
dissolved air, and a special breathing structure is developed 
near the tail. This takes the form of a tube which is thrust 
through the surface film, the larva itself hanging head down- 
wards from the surface film during the process of breathing. 
From the air tube, the air is drawn into the tracheae (internal 
air tubes) as in other insects. The larva of the allied mosquito 
Anopheles, which differs from the gnat larva, suspends itself 
horizontally and not vertically from the surface film. In the 
pupal, which follows the larval stage, the breathing is carried 
out by means of thoracic trumpets which connect up with the 
air tubes (tracheie), and in the act of breathing the pupa floats 
at the surface with its breathing trumpet erect above the water. 

In countries where malaria is widespread, the mosquitoes of 
the Anopheles type carry the parasites of the disease from one 
human being to another, and the mosquito itself is a necessary 
host for part of the life-cycle of the malarial parasite. As the 
parasites only occur in other animals, the best way of checking 
them is to destroy one of the hosts, and in this case, as we 
are men, we destroy the mosquito in preference to man ! Now. 
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it is easier to destroy localised larv^ac than widely-spread adults, 
and, in view of their brealhinc: mechanism, it is possible to 
drown them by preventing their breathing tubes from reaching 
the air ; this can be done by spreading oil over the surface of 
the water. I'he oil forms an effective barrier between the air- 
tubes and the atmospheric air, with the result that hundreds 
of larvae are drowned. 

The stone-ffies have aquatic nymphs which may or may not 
have gills. If they have not, they breathe through the skin at 
certain points. The dragon-fly nymph carries gills and is 
quite unlike its parents. A characteristic contrivance called 
the mask is formed by the considerable development of the 
lower lip. The mask is arm-like and jointed so that it can l>e 
folded below tlie head or extended. At the end of the mask, 
two curved spines are carried for securing prey, ddie aquatic 
larva? of the caddis fly build cases of sand or shells and debris 
which are carried alxiut with them, '^hhese are so w'cll known 
to collectors of pond life that further description is unnecessary. 

BARGAINING FOR A PLACE IN THE SUN: THE PARASITES 

M any insects can behave as parasites or, alternatively, can 
harbour parasites at every stage of their life-history. Some 
insects, such as the ichneumons, lay their eggs in the larvje of 
other insects, and, when the eggs hatch, the young larvie feed 
on the tissues of the host larvae. The important parasites are 
included in the groups of beetles, ants, bees and wasps, and 
flies. An insect may be parasitised by another which is akso 
parasitised and so ad infinitum, and a balance may exist which 
ranges between limits favourable to all the parasites in question. 
Tw'o parasites on the same insect have to bargain for a place in 
the sun, even if the bargaining entails force and the subsequent 
annihilation of one or other of the bargainers. 

The presence of parasites on an insect host tends to control 
the numbers of that host, and as parasites are often limited to 
one kind of host, their range is limited and the host .'.pei ies 
tends to become more and more infested with the parasite 
until it is exterminated or the parasites cancel themselves out. 
Where parasites have other parasites living on them, the para- 
sites themselves are controlled, with the result that the host 
survives. Parasite control has been used by entomologists for 
the control of insect pests ; the process has been spectacular 
in its success in some cases, but great dangers and complica- 
tions may attend it — for example, a parasite introduced into 
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new conditions for the purj>ose of controlling a pest may fasten 
on another and beneficial species instead, thus becoming a pest 
itself. 

Much might be written about the question of parasitism, for 
there are grades of it each with different implications. Certain 
insects change their habit of living very easily, and when they 
do this, corresponding changes take place in their structure to 
enable them to carry on their new mode of life successfully. 
In this way new races are formed, and these races, which may 
be interchangeable, are referred to as biological races, since 
change of habit brings about structural changes. The body 
and head lice of man is a case in point. The difference 
between these two varieties lies chiefly in the structure of the 
claws. One can be converted into the other in two or three 
generations. 

LODGERS THAT DO NOT PAY FOR THEIR KEEP 

I N addition to body parasites, there arc what are called 
social parasites — solitary insects which take advantage of 
the social insects by living in their colonies and receiving board 
and lodging at their expense. They may indeed actually 
acquire a superficial resemblance to their hosts. There are 
solitary bees which build cells and provision them with pollen 
for their larvae. There is another solitarx bee which builds 
no cells but exploits the cell-building bee by laying eggs in 
its cells. This habit is a parallel case to that of the cuckoo 
which lays its eggs in the nests of other birds, and hence the 
bee is called a “ cuckoo bee.** The larvae of the cuckoo bee 
hatch before those of the host, and they live on the pollen 
which the host bee had collected for its young. When the 
host’s larvae hatch, the cuckoo bee’s larvae attack and consume 
them. 

Certain beetle larvae are found in flowers, and one, Melde, 
lies in wait for a visiting bee. When one arrives, the larv^a 
clings to liairs of its legs and is carried to the bee’s nest ; the 
bee brushes it off with the pollen with which the hairs are 
covered. The larva continues its development at the expense 
of the bee’s provisioning and young. 

INSECTS AS FRIENDS OR FOES OF MAN 

M any insects act as scavengers. Others seek out dead 
animals and lay their eggs Xipon them — both larvae and 
adults feeding on them. Some beetles excavate the earth 
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below a dead rat, bury it, and proceed to lay eggs upon it. 
The larv^ae complete the process by consuming it. Ants will 
pick a skeleton clean. Other insects pollinate our flowers, 
and an interesting example is the Yucca moth which lays her 
eggs in the ovaries of the Yucca Hower. 

Many flowers have structural devices for ensuring cross 
|X)llination by insects ; others pollinate themselves, but the 
Yucca flower docs neither. As the caterpillar of the Yucca 
moth requires tiie pod in which to feed, it is essential from 
the moth’s point of view' that the ovary should he fertilised, 
and this it sets out to do by means of special mouth -parts ; 
the moth collects a mass of pollen and actually places it on 
tlie stigma of the flower. This is l^eneficial to the flower, to 
the insect, and indirectly to man. 

VV’e have already seen how some insects are useful to man 
by parasitising harmful ones. Some are also useful in destroy- 
ing weeds- a two-w'inged fly has destroyed the Canadian 
thistle in Indiana. 

Then there are the harmful insects of medical, agricultural 
and horticultural importance. Lice transmit the germs of 
typhus from one person to another. Mosquitoes are rcsp<^n- 
sible for the transmission of malarial and yellow fevers. 'Phe 
tsetse fly is responsible for the spread of sleeping sickness. 
The Colorado beetle has created havoc amongst the potatoes 
of the United Stales of America. The Hessian fly is a seriotis 
grain pest. The depredations of Aphis on the fruit trees, 
roses and beans of our gardens are only too familiar. 

INSECTS THAT ARE EXPERT MIMICS 

C ERTAIN insects, which make good eating for birds, mimic 
other insects which have‘a nasty taste. Palatable insects try 
to look like unpalatable ones to warn off the birds. I’iie Stick 
insects, both in their colour and attitudes, closely resemble 
the plants on w’hich they live. Some unarmed insects simulate 
the colours of w^asps, and, in this connection, W'e miglit note 
that insects armed with stings are often very brightly e(d(»ijred, 
e.g. the warning colours of yellow and black. Anyone who 
does any work at all in the field is bound to come across 
examples of mimicry, and there is abundant evidence of its 
quite w'ide occurrence. 

We must now leave the insects and pass on to the remaining 
two groups of the Arthropoda — the Myriapoda (centipedes 
and millipedes) and the Arachnida (spiders, scorpions &c.). 
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centipedes and millipedes (forming a class technically 
A known as Myriapoda) are confined to the earth, there 
being no aquatic forms. The body is composed of a complete 
series of rings, and all the rings behind the head carry one or 
two pairs of legs. The head is quite distinct and bears a pair 
of antennae. There are two or three pairs of mouth -parts — 
one pair of mandibles and one or two pairs of maxilla?. The 
centipedes and millipedes form two well-defined groups. The 
centipedes carry one pair of legs on each body ring ; they 
possess poison fangs, and are compressed. The first four 
rings of the millipede body do not carry limbs and, as these 
creatures are vegetarians in contrast to the carnivorous centi- 
pedes, they possess no poison fangs, and the limbs are cylin- 
drical. '^riie centipedes are hunters and move quickly ; tlie 
millipedes have little occasion to move quickly and very 
rarely do so. 

HOW THE CENTIPEDE POISONS ITS VICTIMS 

T he brown garden centipede which lives amongst the fallen 
leaves and rubbish of our garden is very active throughout 
the summer, searching for the insect larvae upon which it 
feeds ; in the winter it hibernates beneath the soil. The 
prey are seized by the poison fangs and injected with poison 
which is immediately fatal. The centipede lays its eggs from 
June to August, and the female quickly conceals the eggs, or 
else tiie male eats them. The egg, which is covered with a 
sticky substance, is rolled about by the female until soil 
particles have adhered to the wfiole surface and it is quite 
indistinguishable from its surroundings. The young centipede 
has poison fangs but only six pairs of legs — other legs and 
rings are added later. 

The common millipede or wireworm is black in colour, 
relatively inactive, and feeds on the roots of cultivated plants. 
It has no poison fangs, but in defence it can secrete a fluid 
with a nauseating smell. A spherical nest is made beneath 
the ground by building up a mixture of saliva and soil particles. 
Through a hole at the top of the nest, the female deposits 
anything up to one hundred eggs. When this is accomplished 
she seals the nest, leaving the eggs to hatch and the young to 
their own devices. The eggs hatch in about a fortnight and 
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three-legged young emerge — as in the centipedes the rest of 
the legs are added at a later stage. 

The centipedes and millipedes are not very important 
economically, though centipedes can be beneficial in destroy- 
ing certiiin insect larvie, and wircv\orms hannful on acexjunt 
of the damage they do to the roots of crops. 

SPIDERS AND THEIR EIGHT-LEGGED RELATIVES 

T he members of the Arachnida series, to which belong 
spiders, scorpions, harvesters and mites, differ from the 
Crustacea and Insects in that their bodies consist of only two 
parts — the head and thorax are usually fused to form what is 
called a ceplialothorax, and the abdomen. They have simple 
eyes, no antenna*, and eight legs and, except in mites, the hfe- 
history shows no metamorphosis. Their breathing is carried 
out by special devices situated in open pits on the under side 
of the ceplialothorax. Into these pits thin, flat processes 
project like the pages of a hook — whence they are called 
lung-books ; the blood circulates in the leaves of the book 
and the air between them. Breathing tubes are present in 
spiders but differ from those of the insects. Very few mem- 
bers of the group live in w'ater ; most of them live on land 
and only rarely live in colonies. They are usually active by 
night and are carnivorous. The sexes are separate, the males 
usually being smaller than the females. 

The largest Arachnida are the Scorpions which commonly 
live in holes in the sand and hunt insects. They may be as 
long as eight inches. The head and thorax are evident as 
separate units, as the head has no rings in contrast to the 
complete segmentation of the thorax and abdomen. The 
head carries a pair of strong claws which give the animal 
the appearance of a crustacean. The abdomen has six rings, 
the last one carrying a sting. When attacked, the scorpion 
adopts a menacing attitude, with its tail reared over its back 
with the sting pointing forwards. The prey are paralysed by 
the sting and pulled to pieces by the claws. The poison is 
strong and is immediately fatal to small creatures like insects ; 
but if the scorpions inject their poison into each other, nothing 
amiss happens. 

Although scorpions may look ferocious, they are really more 
retiring than pugilistic in habit and much prefer to pass 
unnoticed. This is true of their relations with all animals 
other than their own kind, and only courtship or hostilities 
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bring them together. The young are well developed when 
born, and are carried on the mother’s back for a time, during 
which time they never feed. Later they leave the mother and 
live their lives quite independently. 

Spiders are the big order within the Arachnida. In addition 
to the general characters of the group, they possess silk- 
producing organs or spinnerets at the tip of the abdomen. 
The production of silk plays a most important part in the 
habits of the spiders. Much has been written about spiders, 
and, in spite of the fact that a study of their habits reveals a 
marvellous world of instinct and by-play, imagination on the 
part of observers has no doubt added colour to the already 
vivid pictures of the spiders’ private lives. 

SPIDERS THAT BUILD THEIR OWN AIRCRAFT 

A NEWLY hatched spider climbs up to a point of vantage 
on a plant, and there it sits and drops a thread of liquid 
silk which is drawn out by the breeze ; the spider feels the 
tug, releases its hold of the leaf and is carried away by the 
wind, supported by its gossamer thread. It may go many 
miles before landing. With the exception of the burrowing 
spiders, most spiders adopt this means of aerial transport. 

The wolf-spiders of the fields are speedy and hunt their 
prey on foot ; others hide under plants and pounce upon 
passing insects. The crab-spiders which walk sideways like 
crabs may hide in flowers of the same colour as themselves. 
Some have the capacity for changing their colours to match 
tlic surroundings and they catch insect visitors. 

'rhe garden spider traps prey in webs ; the struggling of 
the victim causes the threads to vibrate, and the spider, feel- 
ing these vibrations, rushes to the spot and proceeds to tie 
up the prey still further with bands of silk. As a rule the web- 
building spiders tackle larger prey than the hunting spiders 
which have no silken threads with which to bind their victims. 

The poison of spiders is injected into the prey through the 
fangs. Certain exotic spiders are dangerous to man. The 
‘Spider usually is regarded as the aggressor, but quite often it 
is preyed upon by birds and mammals ; its cocoons may be 
parasitised by the ichneumon -flies. Consequently spiders 
employ various protective devices, such as protective colour- 
ation, mimicry, etc. Some are streaked with the warning 
colours of yellow and black ; others display striking colours 
when they run about, but conceal them when they crouch, so 
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HOW THE SPIDER SPINS ITS WEB 
The spider produces liquid silk from organs situated at the 
tip of its abdomen, known as “ spinnerets.'" Besides its use 
in building a web, the silk, drawn out by the breeze, supports 
the weight of the spider and allows it to be carried for miles 
by air. Note the position of the internal organs. 

that to all intents and purposes they become invisible. They 
may mimic other animals like snails, beetles and ants — the 
last being the commonest type of mimicry. In addition to 
these imitations, we all know how some spiders feign death 
when touched. 

Tropical spiders are parasitised by ichneumon parasitic 
flies and birds attack them in their webs ; it is up to the spider 
to protect itself and this it docs by introducing imitation 
spiders into its webs ! One method is to place a number of 
pellets shaped and coloured like itself on the threads in such 
a way that its enemies do not recognise the real thing w'hcn 
they see it. Others manufacture mats of insects bound 
together by silk, place them at the centres of their webs and 
conceal themselves behind them. About twenty different 
methods involving the use of protective devices of this kind 
have been observed. 
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prey. The harvest mites attack man, causing severe skin 
irritation and inflammation ; farm labourers are frequently 
attacked while gathering the harvest. The Red “ Spider 
of our gardens is really one of the spinning mites and should 
it occur in great numbers much damage to foliage may result. 
Another of the spinning mites is a parasite of birds. 

The water mites are nearly all confined to fresh water, 
though some live in brackish water, and a few in the sea. The 
adult water mites are usually free-living, but one is parasitic 
and lives on the gills of the freshwater mussel. They are 
beautifully coloured — green, blue and yellow, and yellow and 
black being the more usual combinations. They are larger 
than the average run of mites. Many of them live in rapid 
streams ; some are social and are found together amongst 
pond weeds. They are carnivorous in habit. 

WAITING FOR A MEAL TO WALK PAST 

T he ticks are of the greatest interest to man as they arc 
all parasitic and live on the blood of their hosts. In the 
East they occur on many different kinds of small animals 
like squirrels. Ticks may also be the carriers of disease. 
They lay thousands of eggs in the soil of fields, and these 
hatch into six-legged larvae which climb up the grass and sit 
tight until a suitable animal passes their way. When such an 
animal appears they become excited and should it pass near 
enough to them they will leave their grasses and cling to its 
hair. Having secured a foothold, they push their beaks into 
the host’s flesh and gorge themselves with blood. This meal 
has to last them a long time, for when their hunger is appeased 
they drop off and burrow into the ground and digest it at 
their leisure. Later, the larval skin is shed and they enter 
upon a nymphal stage with eight legs. Once more they climb 
up the grass and repeat the performance of waiting for a 
suitable host, finding it, feeding, and again dropping to the 
ground and moulting. This moult produces the adult males 
and females which search for a third animal on which to feed 
and pair, after which the female once more seeks the ground 
and lays her eggs. 

This is an extraordinarily complex life-history for an 
arachnid. The number of risks run by each batch of young 
ticks is enormous, and so we find that these risks are met to 
some extent by the large numbers of eggs laid by one feniale. 
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T he whole of creation has been divided by scientists 
into SIX sub-divisions of which one contains tht‘ Verte- 
brates — that is, all those animals which have backbones. 
These creatures are again divided into five great classes 
according to whether they are fish, amphibians, reptiles, 
birds or mammals. 

The term vertebrate may be taken to include all animals 
which have a svmmetrical form on both sides. The body is 
divided by an imaginary axis into a right and left half, and 
the nerves and muscles in each are correspondingly tormed 
and placed. The main masses of the nervous system lie 
along the back, and are always shut off from the internal 
organs. The nerve axis is underlaid by a structure known as 
the “ notochord,” which is a supporting rod, and in the adult 
stage is generally more or less replaced by the bony axis 
known as the “ vertebral column.” There may be no limbs, 
but when present there are never more than two pair of them. 

Fish form the largest class in point of numbers and are 
among the most ancient of vertebrates, whilst its members 
exhibit the greatest variety of structure. All fish have gills 
throughout their life; the structure of the heart, when present, 
is usually simple ; the limbs are in the form ol fins. The 
shape of the body is largely based on its suitability for rapid 
movement in water, and for the avoidance of friction. To 
help further in this direction, an outer layer of mucus, or 
slime, covers the skin. 


EXTERNAL FERTILISATION 


T he structure of the scales is of four kinds. The scales may 
be, first ; thin, bony and flexible (as in the fish, and the 
most familiar form to the majority of us) ; secondly : thin, 
bony, homy plates with spiny or comb-like projections ; 
thirdly : scales covered with a hard, polished enamel ; or, 
fourthly ; detached plates or tubercles, which are often 
covered with spines. 

Fish are essentially inhabitants of water, either fresh or 
salt, though a few live in both impartially. Fish, like eels, can 
live a considerable time out of water owing to the narrowness 
of their gill slits or because they have a special arrangement 
for keeping the gills moist. 
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With notable exceptions, some of which are mentioned 
below, fish reproduce by external fertilisation. The female 
discharges her eggs into the water near the male, who, about 
the same time, discharges sperm, also into the water. In this 
way some of the eggs are fertilized and, unless destroyed by 
other creatures, eventually hatch out into young fish. 

THE SEA IS A WORLD OF COLOUR 

O F all animals living fish are probably the most brilliantly 
coloured. Many have the power of changing colour, in 
some cases very rapidly. It is impossible to describe ade- 
quately the immense variety and striking colour effects present 
in some species. At the other end of the scale may be placed 
the uniform sombreness of certain fish inhabiting the depths 
of the sea. 

Fish possess great variety of bodily shape. Compare, for 
instance, the serpent-like eels with the flattened skates and 
rays living on the sea-bottom, or the spherical globe-fish with 
the strange rectangular coffer-fish. In some fish there is 
great disproportion between the parts of the body, the head 
usually being the most varied in appearance. Mention may 
be made of the phosphorescent organs of some deep-sea 
fish, which enable them to find their prey in the dark abysses 
they frequent. 

Contrary to general belief, certain fish are capable of pro- 
ducing sound, in some cases by rubbing together bony 
joints, or grating their teeth, or through muscular control of 
the air bladder. The sound has been described as a deep 
drumming, whilst in other cases it is like the grunting of a 
pig 

THE SIX BRANCHES OF THE FISH FAMILY 

jP'iSH have been divided into six orders : 

I. Lancelet. 

2. Lampreys and Hag Fish, 

3. Bony Fish. 

4. Ganoid Fish. 

5. Sharks and Rays. 

6. Mud Fish. 

The first two orders have no biting jaws, but have instead 
a highly specialised tongue in the form of a rasp. The lancelet 
is the only representative of its order ; it is a very curious 
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animal, of exceedingly simple construction, found in sand- 
banks, especially in the Mediterranean. It is transparent, 
pointed at both ends, about two inches in length, with hardly 
a vestige of brain. The lampreys and hags are also very 
primitive — they are eel -like, slimy creatures with rudimentary 
eyes. 

The bony fish are comparatively modern, but they are now 
the dominant class and the most numerous. This order in- 
cludes most of the edible fish with which we are familiar. In 
their case the skeleton, instead of remaining more or less 
gristly throughout life, is more or less bony. In one small 
group the gills are arranged in a little tuft instead of in the 
usual form of plates. To this group belong the sea-horses, 
often seen in aquariums. They have the additional curious 
feature that the male has a sort of pouch, into which the 
eggs are placed by the female, and to which the young can 
retreat when threatened by any danger. Another species is 
just like a piece of seaweed in appearance, whilst the pipe 
fish, one species of which is British, arc an allied group. 

The sturgeons make up the majority of the fourth order. 
They are large fish inhabiting the rivers and seas of the north 
temperate zone. They have rows of large, bony shields on 
the body ; the mouth is toothless and the upper lobe of the 
tail is the larger one. This order has declined in numbers in 
recent geological times. ' ' 

GIGANTIC TERRORS OF THE DEEP 

T he sharks and rays constitute an order whose members 
have no swimming bladder. Some species bring forth 
their young alive. With the sharks there are often many 
rows of teeth, which are continually growing forward to re- 
place the outer rows as they are worn out. Owing to the 
position of the mouth, a shark may have to turn over when 
seizing any animal — a man, for example — swimming on the 
surface, but this is not its normal method of feeding. Many 
sharks have been accused of man-eating wben doubtless not 
guilty, but the big White Shark, which grows so long as forty 
feet, is one of the terrors of the sea. 

Some species are truly remarkable, as for instance the 
Thresher or Fox Shark, which is distinguished by the great 
length of the upper lobe of the tail fin. This is often as long 
as the rest of the body, the creature measuring about fifteen 
feet in all. It is inoffensive as regards man, but is a voracious 
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exude a poisonous fluid from the skin which injures any small 
creature taking hold of them in its mouth, and possibly this 
protective moisture might enable them to pass quickly through 
a moderate fire. 

Water Salamanders, or Newts and Efts, are lizard-like in 
shape with a flattened tail. The fore-feet have four toes and 
the hind-feet five. The Common Newt is abundant in the 
ponds and ditches of Britain and is about three inches long, 
brown above and orange spotted with black below. The 
Crested Newt is nearly twice as long. Only the male has a 
crest and in the breeding season is quite gay in colour. All 
newts are able to replace a lost member, such as a tail or a 
leg — a faculty which shows them to be rather low in the 
scale of life. 

The true Land Salamanders are rather like the newts in 
bodily shape, but they have comparatively thick bodies and 
the tail is rounded instead of being flattened. In the case of 
the Common Spotted Salamander of Europe and North 
Africa the young, on leaving the mother, have external gills 
and are deposited in water. On the other hand, with the 
Black Salamander of the mountain districts of Central Europe, 
only two embryos are hatched at a time, and these are retained 
in the mother’s womb until development is far advanced. 
While inside the mother the embryos have very long external 
gills, but they do not leave the mother till these disappear, 
and they start their outside life as genuine land creatures. 

Lastly there are those strange creatures the axolotls, of 
which all the known species — about twenty in number — 
are to be found in the United States and in Mexico. The 
name Axolotl is really only applicable to the larval form, 
which in some cases is never changed. When this is so, the 
creature is aquatic in habits. Should its surroundings, how- 
ever, not be suitable to this mode of life, a terrestrial form is 
assumed, and this is known as an Amblystome. The reason 
for the arrested development of many axolotls is that they 
have inadequate thyroid glands. It has been discovered that 
artifical feeding of the thyroids will at any time produce this 
change. 

HOW THE TADPOLE BECOMES A FROG 

M ost 'people are familiar with the development of the 
common frog, which in this respect may well .be taken 
as representative of the higher amphibians. The eggs are 



First stage ; From Egg to Tadpole 



Second stage : From Tadpole to Frog 




TADPOLE INTO FROG 
Showing a change typical of the higher amphibians 
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deposited in water and the thin layer of albumen, with which 
each egg becomes covered in passing from the body of the 
parent, swells in contact with the water, so that all the eggs 
stick together and form a jelly-like mass to be hatched by 
the heat of the sun. 

At first the young frog is without limbs or gills and it soon 
develops into what is known as a “ tadpole.*’ At tliis stage it 
is a small, limbless c'eature, with a long swimming mil, and 
provided with two discs behind the mouth by means of which 
it can attach itself to foreign objects. It next develops out- 
ward gills on the sides of the neck, and also gill clefts leading 
into the throat, and is now breathing air like a fish, that is 
by taking in water at the mouth and passing it out by the gill 
clefts. At this point it lives on vegetable food and has no limbs. 

In the next stage the outer gills disappear and the construc- 
tion of the heart becomes more complicated. Tlie tail now 
shortens and is absorbed into the body, the mouth becomes 
wider, teeth are developed, whilst the body goes on growing. 
Finally the limbs develop, the tail is completely lost, and 
the perfect frog emerges. 

The adult animals breathe air only, their lungs being com- 
paratively well developed. The skin also helps, and frogs can 
undoubtedly breathe through their skins for a long time 
without needing to use their lungs. A frog when breathing 
actually goes through the process of swallowing, and con- 
sequently he can be suffocated by forcibly holding his mouth 
open and preventing him passing air down his throat by the 
contraction of the cheek muscles. 

In the majority of frogs and toads the tongue is fixed in 
front and free behind. This is so in the case of the Common 
Grass Frog, very widely distributed, and of the Edible Frog, 
which is almost equally frequent. In this latter species the 
males are furnished with a vocal sac on each side of the head 
which increases the resonance of the voice. They are far 
outdone in this respect, however, by the Great Bull Frog of 
North America — the largest species of all — whose voice is 
like the bcllow^ing of a bull, and is audible at a distance of 
half a mile. The Tree Frogs have the ends of their toes 
expanded into the form of sucking discs. The only European 
species is the little Green Tree Frog, which is a bright emerald 
in colour and has a loud, piping voice. It spends the 
summer in trees searching for insects, but in the winter. retires 
to the water to spawn and hibernate. 
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WHERE THE FROG AND TOAD DIFFER 

T oads are a very widely distributed family, though of 
about a hundred known species only three are European. 
Two of these are British, the Common Toad and the lesser- 
known Natter Jack Toad, l oads dilfer from frogs in having 
no teeth ; their legs are shorter and stouter, the head is more 
blunt, the skin very warty, and the hind feet are only partially 
webbed. Toads do not lay their eggs in a mass but in a string,, 
and the tadpole’s are smaller than those of the frog. 

They arc often kept in gardens where they prove themselves 
very useful by devouring countless insects. They have been 
the subject of many superstitions on account of their appearance 
but the beauty of their eyes does much to redeem tlieir un- 
doubted ugliness. 'Fheir only means of defence is to exude a 
bitter moisture from the skin, which will often prevent a dog 
from seizing them in his mouth. 

% 

COLD AND CREEPING ANIMALS: 

THE REPTILES 

T he blood of reptiles is cold — that is to say, only slightly 
warmer than the outside atmosphere. The body is supplied 
with a mixture of blood from the veins and arteries in place of 
pure arterial blood, and in consequence of this imperfect aera- 
tion of the blood reptiles are normally of a sluggish disposition, 
though capable on occasion of great energy. They are dull, 
inert creatures very different from warm-l)looded mammals. 
Existing reptiles are divided into four orders : first, the 
tortoises and turtles ; secondly, the snakes ; thirdly, the 
lizards ; and finally, the crocodiles and alligators. 

THE ONLY REPTILES THAT HAVE SHELLS 

I N the first order, the tortoises and turtles, the body is 
enclosed in a kind of bony case or box, covered sometimes 
with a leathery skin, or more usually, with horny plates, 
riiese creatures possess no teeth and the jaws are encased 
with horn to form a beak. I'hc true turtles may be known by 
the flattened form of the outer shell and by the adaptation of 
the limbs to act as paddles. 'Eurtles all live in warm seas 
and visit land only to lay their eggs, which they deposit in 
holes scraped in the sand. 

The Green Turtle, which is imported to this country for 
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making the well-known “ turtle soup ”, is found abundantly 
in the Atlantic and Indian Oceans. The Hawksbill Turtle 
is of commercial importance, as from it is obtained the 
“ tortoiseshell ” of commerce. 

The Soft Tortoises, or Mud Turtles, are distinguished by 
the imperfect development of the shell, the upper surface of 
which is covered by a leathery skin. Their jaws have lips, and 
the feet are webbed, with five toes, only three of which have 
nails. All live in fresh water and are carnivorous. A well- 
known example is the soft-shelled turtle of the United States, 
about twelve inches in size. A third group are amphibious ; 
their head and feet cannot be withdrawn within the shell. 
They are carnivorous with a sharp, hooked beak. The Snap- 
ping Turtle of America, which grows to a length of four to 
five feet, is an example. 

The Terrapins may also be included here. They are 
amphibious in their habits, living mostly in marshes and quiet 
streams. Whilst many of them are North American,, they are 
very widely distributed, and are both animal and vegetable 
feeders. 

The largest of the Land Tortoises are found in the Gala- 
pagos Islands of the Pacific, where they sometimes attain a 
length of four-and-a-half feet and weigh nearly eight hundred 
pounds. They are reputed to live two hundred years. It is 
not difficult to understand why these creatures live so long, 
as more than half their lives are spent in sleep, and they are 
so deliberate in their movements that they use up very little 
energy. 


USING THEIR RIBS TO GET ALONG 

A SNAKE may well be called a reptile, as the name means 
literally a “ creeper,” With snakes the ribs are extremely 
movable, and it is owing to this construction of body that a 
snake is able to glide along the ground in the manner typical 
of the race. The skin of many snakes is very beautifully 
marked, like a gay pattern of beadwork. Contrary to general 
belief, a snake is not cold and slimy to touch but in reality is 
warm and dry. The shedding of the outer skin is a very 
interesting process and is one that most snakes go through 
annually, some of them several times during a year.. If not 
renewed, the skin would become too hard and impede growth 
and breathing. Most snakes lay eggs from which the young 
are hatched by the heat of the sun, but in the case of the 
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THE SNAKES: KILLERS B\ PRESSURE AND KILLERS 
BY POISON 
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Vipers and Sea-snakes, the eggs are hatched within the 
parent and the young brought forth alive. 

Whilst snakes are very widely distributed, they are more 
abundant in hot than in cold countries, none being found 
within the Arctic Circle, and all the large species being natives 
of tropical regions. In cold and temperate countries they 
pass through the winter in a state of torpor. They are all 
carnivorous, living on bird's eggs and animals and feeding at 
prolonged intervals. 

Out of about a thousand known species, something like a 
third are poisonous. Undoubtedly this fact invests many 
snakes with special interest. The mechanism of their teeth 
and bite may be considered a perfect example of the adapta- 
tion of the means to the end. The poison is a clear fluid 
secreted by a gland covered by a muscle of the cheek. When 
the snake bites, the contraction of the muscle forces the 
poison into a duct contained in the tooth, and through an 
opening in the tip of the latter the venom then penetrates 
the wound. With most snakes the teeth point backwards and 
cannot be used for tearing food to pieces, so that snakes are 
forced to swallow their prey whole. 

The true vipers have no pit in the head. Their name is 
derived from their habit of bringing forth their young alive, 
and the young viper is born with a temporary tooth for the 
purpose of freeing itself from the egg. These snakes possess 
reserve fangs which take the place of those which may get 
broken off from time to time. 

They are found only in the Old World. The only British 
species is the Common Viper or Adder whose bite is painful 
but not usually fatal. Among African species, the Horned 
Viper and the Puff Adder are extremely poisonous, whilst in 
India the deadly Russell's Viper is annually responsible for 
many thousands of human deaths. 

THE RATTLESNAKE'S WARNING OF ATTACK 

A nother division of snakes contains those known as the 
“ Pit- Vipers " owing to their having a deep pit between 
the nose and eye. Typical of these are the well-known rattle- 
snakes, their distinguishing feature being the “ rattle ” at 
the end of the tail, formed by horny cells, loosely jointed one 
within the other. A rattlesnake when attacking coils itself 
and shakes the rattle, also doing the same when frightened, 
and this habit has proved fortunate for many persons who 
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have thereby been warned in time of the presence of the 
snake. It may be said that few snakes habitually attack men 
intentionally, unless provoked or disturbed. 

All the rattlesnakes are confined to the New World, many 
of them, such as the Copperhead and Water-Moccasin, beinp 
North American. The littintrly-named “ Bushmaster ” of 
Surinam and Guiana, is said not to avoid man but even to 
pursue him, and to bite so deeply that a terrible wound is 
inflicted in which the poison acts at once. 

HOODED DEATH: THE COBRAS OF INDIA 

T he cobras and keraits of India have good claims to be 
considered the most venomous of all snakes. The cobras, 
of course, are celebrated for their power of expanding the neck, 
usually called the hood, the back of which is marked with a 
pair of spots joined by a curved stripe, the whole much resem- 
bling a pair of spectacles. 

In India they have been connected in the popular mind 
from time immemorial with music and snake-charmers, and 
in many tales and legends have played a great part, often 
having been made an object of worship. IVlost striking of 
them all is the Hamadryad or King Cobra, which is a trcv,- 
dweller and preys on other snakes. It has been known to reach 
a length of twelve feet. 

The pythons are all natives of the Old World, whilst the 
true boas and anacondas are confined to tropical America. 
Pythons are among the largest of snakes, sometimes reaching 
nearly thirty feet, with a body as thick as a man’s thigh and 
weighing several hundred pounds. The anacondas are thought 
to be sometimes even greater in length. Boas and pythons 
belong to the most primitive type of snakes and retain traces 
of hind limbs which other snakes have lost. 

All the above are known as “ Constrictors ” because they 
coil themselves round their prey, and then by tightening 
their coils exert tremendous pressure and reduce their victim 
to a shapeless pulp which they then swallow. They can kill 
much bigger animals than they could swallow, and cases have 
been known when the feat has been too difficult and the snake 
has split itself open by attempting too much. 

There are about a thousand living species of lizards, and 
they are most abundant in warm countries. They arc usually 
carnivorous, but some are largely or entirely vegetable 
feeders. They differ from the snakes in having movable eye- 
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lids. Most of them have long, forked tongues, which they are 
able to protrude, but with others, such as the iguanas, the 
tongue is thick and fleshy and not capable of protrusion. 
Lizards possess neither salivary nor poison glands, the only 
exception to this rule being the Gila Monster or Heloderm 
Lizard of Mexico, which is capable of inflicting a poisonous 
bite. It is a hideous-looking creature, strongly marked with 
bands of orange, and most people give it a wide berth. 

A “SNAKE" WHICH IS REALLY A LIZARD 

M any people in this country are familiar with that small 
lizard usually called the “ Blind Worm,** very widely dis- 
tributed throughout the Old World, and the commonest of 
British reptiles. Despite a popular habit of regarding this 
animal as a snake, and consequently dangerous, it is in reality 
a perfectly harmless creature whose only protection is the 
production of a rather unpleasant odour when alarmed. 
Its scientific name {Anguis fragiliSy literally “ brittle worm **) 
is due to the ease with which the tail can be broken off, owing 
to the animal stiffening its muscles when handled. 

An important group includes the most typical of lizards 
in which all have a long tail, with four well-developed limbs 
each terminated by free toes of unequal length. No repre- 
sentatives are found in America, but in Britain the Sand 
Lizard and the Viviparous Lizard are met with. 

I'he Monitor Lizards are the largest of this family, the 
Nilotic Monitor of Egypt being about six feet long, whilst an 
East Indian species from the island of Komodo near Flores is 
reputed to be nearly twenty feet in length when fully grown 
and is known as a “ Komodo Dragon.** Monitors are very 
fond of eggs of all sorts, and the African variety steals the eggs 
from crocodiles* nests which he finds buried in the sand. 

Geckos, found chiefly in tropical regions, are small lizards 
with large lidless eyes. Their toes have adhesive discs beneath 
them, so that they can run with ease over a smooth surface 
like a wall, or suspend themselves from a ceiling. The curious 
little Flying Dragon of the East Indies has a membrane on either 
side, and by expanding this is able to glide through the air. 

The iguanas are another notable family, found almost 
entirely in the New World. They have a crest and pouch 
with a pendulous fold of skin below the throat. Though very 
ugly in appearance they are quite harmless, and are niuch 
prized by the natives as an article of diet. 
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THE CHAMELEON: QUICK-TONGUED HUNTER OP INSECT LIFE 

C HAMELEONS are distinguished by having the eyelids 
united and pierced by a central aperture. Also each eye 
moves independently of the other. 'I’heir tails are very long 
and prehensile ; they are well suited for climbing and for a 
life among trees. Many of them are sluggish in bodily 
movement, but they catch their insect food by darting out 
their long tongues so rapidly that they seldom miss their 
object. 

They arc proverbially noted for their power of changing 
colour. This is due to the presence of mobile pigment cells, 
but though they undoubtedly have this power it must be 
understood that the process is gradual and not subject to 
any violent transformation. It is usually governed by their 
environment and state of health. 

Crocodiles have the fourth canine tooth in the lower jaw 
longer than the others. It is received into a notch in the 
upper jaw and is visible when the mouth is closed. In the 
case of alligators this tooth fits into a pit in the upper palate 
and consequently is hidden when the mouth is shut. With 
crocodiles the hind-feet are completely webbed, with alli- 
gators only partially. Alligators are found only in the warm 
parts of North and South America, whilst crocodiles are more 
widely distributed. The Indian crocodile sometimes attains a 
length of twelve feet, whilst the Nilotic variety, which is very 
common, has been known to measure as much as fifteen feet. 
The Caimans of South America are probably the largest of all, 
having been found so long as twenty feet. 

AN ORDER OF INFINITE VARIETY: 

THE BIRDS 

B irds constitute the fourth class of vertebrates. They may 
be defined as w^arm -blooded creatures, with a double 
circulation and a covering of feathers, which produce their 
young from eggs. This definition can be elaborated, but it 
contains all the essentials and there are no exceptions to it. 

Birds breathe more actively and completely than any 
other vertebrates. They absorb air not only by the lungs 
but also by some of the bones. All birds, except the Apteryx 
of New Zealand, possess a number of cavities which form 
air receptacles. Consequently the aeration of the blood is 
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more complete in their case, and this, together with the 
perfect construction of their heart and high muscular activity, 
gives them a higher average temperature than any other 
living creatures. 

HOW A BIRD’S BONES HELP IT TO FLY 

T hf skeleton of birds is very compact and at the same time 
exceedingly light. This is partly due to an unusual 
quantity of phosphate of lime and also in many bones to the 
absence of marrow and its replacement by air. 'Fliis lightening 
of the skeleton is one great aid to flight ; another is the de- 
velopment of a keel -like breast-bone for the attachment of 
the powerful flying muscles. 

I'here is a great difference in the flying powers of various 
birds, and many may be termed specialists in some particular 
branch. Compare for instance the soaring of larks, the swift 
flight of swallows, the sturdy power of pigeons, wild ducks, 
and swans ; the mastery of the wind displayed by kestrels, 
the breath-taking speed and dash of falcons and the glorious 
strength of condors and eagles on the wing. 

Feathers form a unique growth whose evolution is obscure. 
All birds moult once a year (some twice), generally after the 
breeding season, and many assume a special mating plumage. 
Feathers are useful for retaining heat ; they assist greatly in 
flight and play a great part in courting. Though tlie theory 
of protective colouring has often been overworked, there is 
little doubt that during nesting many female birds are pro- 
tected by their unobtrusive plumage. 

The brains of birds are relatively larger than those of reptiles. 
Many birds are forced to rely on the alertness of their senses 
for their sole protection, hence the corresponding increase in 
brain-power. As regards their physical senses, the eyes are 
alw’ays well developed, and in no bird are they ever rudi- 
mentary or absent, birds have a third eyelid which can be 
drawn over the surface of the eye in the manner of a curtain, 
shutting tint excessive ligjit. 

Most birds have no external ear by which sounds can be 
transmitted to the internal ear, but in the case of the owds 
there is an arrangement of feathers which is a forerunner of 
tlie external ear of mammals. Taste must always be absent 
in the majority of birds (nving to the horniness of the tongue 
in most species, whilst their sense of touch cannot be miich 
better. In no living birds are teeth ever present, although in 
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some extinct forms they are known to have existed. The 
gizzard is a relic of a reptilian ancestry. 

Being by virtue of their wings independent of time and place, 
birds are able to avoid winter and secure the best food all 
the year round. Whereas some mammals take refuge in a 
winter sleep when cold weather cuts off the supply of food, 
the birds simply travel to another region in search of it. The 
habit of migration is indeed of great service to the race. 

It may be noted that when birds migrate northwards it is 
to find a suitable temperature for breeding, but when they 
move southwards it is to secure food and warmth. Out of 
about four Imndred recognised British birds, only about one- 
third remain in this country all the year round ; the rest are 
migrants and summer visitors. 

Apart from man, birds are perhaps the only creatures with 
a sense of beauty. Some species appear to have a natural 
capacity for selecting certain bright colours. This is well 
shown by the Bower Birds of New Guinea, small birds related 
to starlings, which, in the breeding season, not only make 
elaborate bowers or arbours of sticks in which the males pay 
court to the hens, but ornament these bowers with bright 
shells, feathers, etc., and even in some cases change any 
objects, such as flowers, which have become withered. Curi- 
ously enough some of the falcons are known to decorate their 
nests by the addition of fresh, green branches. 

WINGLESS GIANTS OF THE BIRD WORLD 

I N the case of birds which do not fly, the breast-bone is 
flat and the feet and legs have been greatly developed. 
The African Ostrich is the largest of living birds, the males 
being six to seven feet high, with extremely strong legs and 
two-toed feet. The cock-birds are darker than the hens and 
are kept in semi-domestication for their well-knoA\n white 
tail feathers. In a wild state each male has several wives, and 
they all lay their eggs in the same nest, which is merely a 
hole scraped in the ground. In this the huge eggs, each 
weighing alxiut three pounds, are placed and hatched mostly 
by the lieat of the sun, though both parents watch over the 
nest and sit on the eggs during the night. 

Rheas are natives of South America and are especially 
plentiful along the river Plata. They are three-toec and not 
so big as the true ostriches. Like all members of this group 
they are very swift and wary, but the natives catch them by 
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hurling the “ bolas,** a cord with heavy balls at each end, 
which winds round the neck and legs of the bird and brings 
it to the ground. 

The cassowaries of New Guinea and Northern Australia 
are distinguished by a casque of light bone on the head. 
Some species have exceedingly brilliantly coloured wattles, 
the rest of their plumage being dark and hair-like. These 
birds are often very fierce in temperament and a kick from 
their horn -covered feet is something to be avoided. 

The apteryx or kiwi, of New Zealand, is one of the strangest 
of living birds. It is about two feet in height, has hardly a 
trace of wings, is nocturnal in habits, and has a long curved 
beak with the nostrils at the end. It was preceded by similar 
extinct forms of a much larger size. Mention may also be 
made here of the extinct moas of New’ Zealand, which were 
enormous wdngless birds, at least ten feet in height, with 
tremendously strong feet and legs. They are believed to 
have become extinct in recent times. 

Penguins are a distinct family. They have webbed feet and 
scale-like feathers, whilst the somewhat elementary wings are? 
used like fins for swimming under water. 'T'hey have an 
upright walk and carry their eggs betw^een their legs, in 
some cases even hatching them in this position. They are 
all inhabitants of the Southern Seas and the Emperor Penguin 
is the largest species, being about three feet high. The King 
Penguin, wdth his handsome yellow markings on head and 
chest, is probably the finest in appearance. 

A species which has become extinct within living memory 
— and that chiefly by man’s agency — is the Great Auk, a 
bird rather like a penguin, once found in millions. 

Terns, petrels and gulls are all related. Their general 
colouring tends to silvery grey with large portions of black 
and white. They are well known for their voracious appetites 
and for their keen sight for anything eatable in the water. 
It is a commonplace sight to see them following a steamer 
for the sake of any scraps that may be throwm overboard. 
In winter, when driven by exceptionally cold weather, they 
often come inland, and in spring also they may be seen along 
with rooks and jackdaws, following the plough for insects. 

Though outwardly resembling a gull the albatross is really 
not related. The Wandering Albatross, though only sixteen 
pounds in weight, has a wing spread of twelve feet or more. 
It rarel) comes to land except at the breeding season and then 
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chooses the most remote islands, such as Tristan da Cunha. 
It is a splendid flyer, almost constantly on the wing, often 
swooping down just clear of the water, and in the most furious 
tempests careless alike of wind and wave. 

BIRDS THAT ARE PROFESSIONAL FISHERMEN 

D arters and cormorants are all carnivorous, fish being 
the foo3 preferred. Their methods of fishing are variable 
— some thrust their necks down into the water as they swim, 
others plunge from a height or even pursue their prey under 
water. The Chinese have long utilised tame cormorants for 
their skill in fishing. They fix a ring round their necks to 
prevent them swallowing the fish, and some birds are even 
trained to work without the collar. They were formerly used 
in this country in a similar manner, and are still common 
enough round our rocky coasts. 

Next come the pelicans, who constitute a well-marked 
group. Most of them are large, heavy birds, awkward on 
land but splendid flyers and swimmers, sometimes spanning 
ten to fifteen feet across the wings. Found in large colonies, 
many of them are of snowy white plumage and have a pouch 
under the bill in which they carry the food they have caught, 
often giving it to their young in a half-digested state. 

The wild duck is one of the best examples of the fresh- 
water, non -diving ducks, and from this species all our domestic 
varieties are derived. This bird is a permanent resident in 
this country and is joined in the colder months of winter by 
great numbers from the Continent. The Drake, or Mallard 
(to give him his proper name), is a handsome bird and the 
rich green of his neck is one of the finest colours in nature. 

Though often a by-word for stupidity, geese, at any rate 
in a wild state, are anything but stupid birds, and their wari- 
ness and the way they post sentinels to warn them of approach- 
ing danger have often stood them in good stead. Like swans 
they often assemble in great numbers for migratory flights, 
when they travel swiftly at a great height in a “V "-shaped 
formation with the strongest bird leading them. 

Flamingoes are midway between swans and herons. They 
have webbed feet, but much longer slender legs. They are 
lovely in colour, white above and pink under the wings. One 
variety is completely rose-coloured. In Africa they are found 
in vast numbers and the sight of millions in flight is indescrib- 
ably beautiful. 4 
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A FASHION IN MILLINERY WHICH SLAUGHTERED THE YOUNG 

H erons are widely distributed and vary greatly in size, 
from the Goliath Heron of Africa, standing nearly five 
feet, to the diminutive Night Herons of Japan, some of which 
are only a few inches high. The Grey Heron is still fairly com- 
mon in this country and the large nests of sticks which it builds 
in trees are a fairly familiar sight. Associating foR breeding in 
colonics, these birds are usually more solitary for the rest of 
the year, and spend-more time by the side of streams, patiently 
standing immovable to catch their prey by lightning-like 
thrusts of their sharp bills. In olden times they were a favourite 
object of pursuit for trained falcons, and often did not come 
off second best in such encounters. 

It may be mentioned that the “ osprey ” feathers formerly 
much used in millinery are obtained from a species of heron, 
namely the Egret, and great numbers of these birds used to 
be killed to obtain these plumes. Moreover, since these feathers 
were only obtainable during the breeding season and from the 
hens, the young ones were left to perish as well as their 
parents. 

THE STORK’S CLAIMS TO HOSPITALITY 

T he storks are large birds, common in Europe, Africa and 
India. They assemble at times in great numbers, flying 
extremely high, but except for the sound of their wings, they 
make no noise. The stork has no voice, and is limited in ex- 
pression to clapping together the mandibles of the beak. On 
the Continent the Common Stork is a welcome summer 
visitor, and in several countries it is protected by law on 
account of the useful work it performs as a scavenger, whilst 
it is thought lucky to have one nesting on a house. 

The Whale-headed Stork, or Shoebill, with his enormous 
bill shaped like a wooden shoe, is also one of this family, and 
in Africa and India the Marabou is commonly met with. 
This bird also acts as a remover of offal. 

Typical of Wading Birds are the Coots and the familiar 
Water Hen. Being aquatic in their habits all wading birds 
have long legs to enable them to walk in shallow waters. 
Some of the Rails are also aquatic, with long, slender claws 
so that they can walk about on the leaves of water plants. 
The corncrake is an example of a landrail. It is well known 
in this country from its harsh, monotonous call among the 
meadow grass. 
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Snipe are also waders, with long, slender bills, the nostrils 
being placed at the end. They are usually found near moist 
and marshy places where thev probe in the mud for worms 
and insects. The flight of the snipe has often saved him from 
death at the hands of sportsmen. When first flushed, he shoot‘s, 
off in a straight line, and then begins to twist and turn in a 
bewildering fashion, making it very difficult to aim. In the 
breeding season the male bird makes a distinctive sound, called 
“ drumming,” rather like the bleating of a goat. I’his is pro- 
duced by some action of the wings and of the tail feathers. 

The lapwing, or green plover, is well known for its constant 
cry from which it takes its common name of peewit. Like all 
the plovers, the female, if disturbed on the nest, will try and 
lure the intruder away by pretending to have broken her wing. 

All the cranes are great migrants, changing their abode to 
find fresh food and climate. They have a loud, trumpet-like 
note, due to their windpipe which increases the resonance of 
the voice. Many are very graceful, as for example the Demoi- 
selle Crane, with its delicate mincing walk. The Crowned 
Cranes of Africa have a beautiful head decoration of twisted, 
golden filaments of feathers, which appear to shine. 

The game birds are mostly grain feeders with large crops 
and strong gizzards. In many species the males are conspicu- 
ous for their brilliant plumage as contrasted with the sober 
feathers of the hens. This is probably to make the latter less 
visible to the eye when sitting, as they usually nest on the 
ground. The young are born fully fledged and able to run about 
at birth. 

The ancestors of most of the breeds of domestic poultry 
seem to be the Jungle Fowl of Asia, while turkeys are de- 
scended from a similar wild species of the New^ World. The 
pheasants are a very large family, noted for the magnificence 
of colouring displayed by many of its members. Of these 
may be mentioned the Argus Pheasant, which has tlie tail 
feathers greatly lengthened and marked with “ eyes ” like 
those of a peacock. I'he Golden Pheasant, gorgeous in crimson 
and gold, is also among the most beautiful of birds. 

Most glorious of all, however, is the peacock, famous for 
his wonderful display which is caused by his having the tail 
covert feathers very much elongated. These are erected in the 
form of a fan, with “ eyes ” at the end of each feather, whilst 
the bird’s body is a blaze of metallic blues and greens, changing 
coloui accerding to the angle from which they are viewed. 
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Pigeons and doves are nearly allied to the preceding 
group, but the young are born in a helpless state and they 
take some time before they are able to leave the nest. I'he 
males only have one wife, and neither sex possesses any 
weapons in the shape of spurs or beak. All domestic pigeons 
are derived from the Rock Pigeon to which many of them 
still show great resemblance. Some pigeons are ground birds 
like the Crowned Pigeon of New Guinea, the largest of the 
group. The Dodo was a still larger non-flying pigeon found 
in Mauritius. It was stupid and good to eat, reasons which 
helped considerably towards its extinction. 

LOVELY songsters OF THE PERCHING FAMILY 

T he order of perchers contains many of the finest flyers 
and singers among birds, and the plumage of some of 
them is hard to surpass. It is the largest order of all and 
its members are distinct by having, as a rule, three toes in 
front and one behind. The females are often smaller and less 
brilliant in colour than the males. They always live in trees 
and usually build their nests there, frequently showing great 
skill in their construction. In the early stages the young are 
very helpless and depend on their parents for food. 

One of the largest families of song-birds is the finches, 
which form a big part of our native British birds. They 
often add a touch of colour to the hedges by their pretty 
feathers. They are all small birds with short, stout beaks, 
particularly well suited for feeding on seeds. The commonest 
of all birds, the sparrow, belongs to this family, as does also 
the domestic canary. 

The shrikes, or Butcher Birds, may be said to be in a 
transitional stage between a perching bird and a bird of prey, 
for while the claws are weak, the bill is hooked and tearing, 
and some of these birds' characters as regards their neigh- 
bours are none too good. The Red-backed Shrike visits 
Britain in summer and often impales insects and small mam- 
mals on thorns near its nest to form a sort of larder. Hence 
the name Butcher Bird. 

THE BLACK CROW AND ITS BRILLIANT BROTHER 

T he crow family, of which the raven is chief, contains 
many birds of strongly marked individuality and irrtelli- 
gence. They are well known for the uniform sombreness of 
some species, though the jays and pies do much to redeem 



AN ORDER OF INFINITE VARIETY 215 

it by the beauty of their bright colouring. Though apparently 
not related, the Birds of Paradise are of this family, and sur- 
pass all other birds by the range and brilliance of colouring 
they display, joined to the greatest variety in feather decoration, 
sometimes bordering on the eccentric. 

At first sight, swifts and Humming Birds might not appear 
similar, but both these wonderful flyers are of the same 
group. Humming Birds are swift-moving atoms of bright 
metallic colour, like living jewels. There are over four hundred 
species, often not more than twenty grains in weight, feeding 
only on the juices of flowers, which they drink with their 
long, hollow tongues. 

There is no difficulty in recognising members of the parrot 
tribe, because they are distinguished by their sharply-hooked 
beaks. They have a thick, fleshy tongue which has helped 
them in their well-known faculty for imitating all kinds of 
sounds, including human speech. The macaws and parakeets 
are amongst the most vividly coloured of all birds, the brightest 
scarlets, greens, blues and yellows being their most prevalent 
colours. 

The Kea, or owl-parrot of New Zealand, is an almost wing- 
less species with habits different from those of any other 
parrot. Formerly a vegetarian, it has latterly become ob- 
noxious by killing lambs. 

MAGNIFICENT PIRATES OF THE AIR 

A SHARP division exists between the majority of the birds 
already noticed and those known as birds of prey. These 
have for general characteristics sharp, tearing beaks, short, 
powerful legs and muscular bodies. Their claws are strong 
and curved and they have great powers of flight. They may 
be divided into three groups — the owls; the hawks, falccms and 
eagles; and thirdly, the ospreys or fish-hawks. I’he majority 
of owls are nocturnal, and have large eyes surrounded with 
circles of feathers, and loose, soft plumage to give them a 
noiseless flight. The Common Barn Owl in this country has 
been one of the most persecuted of birds, though its ser\ ices 
in destroying rats and mice (its chief source of food) might 
well have earned it a better fate. This is the owl that is most 
often found in towns where its hooting note is sometimes 
quite familiar. 

In the second division which includes hawks, falcons and 
eagles, the type reaches its greatest heights of beauty and 
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efficiency. These birds often have a bold and fearless ex- 
pression comparable with that of the great Cats, which is 
not entirely out of keeping with their general character. They 
are marvels of speed and killing pK)wer, differing greatly in 
method, but always ruthlessly efficient. 

Vultures would seem to most people less attractive. Never- 
theless all are not repulsive in appearance, and the King 
Vulture and condor, both South American, are fine birds. 
The condor has the widest wing span of any flying bird and 
takes rank as one of the greatest flyers. Vultures undoubtedly 
find their prey by sight rather than by scent. They arc, of 
course, scavengers by profession and do not use their claws 
as weapons, relying rather on their strong beaks. 

The last group, separate from the rest, contains the ospreys 
or fish-hawks — beautiful birds found all over the world. 
They feed only on fish, and their skill and speed when swoop- 
ing down into the water make them a magnificent sight. 

AT THE TOP OF THE SCALE: 

THE MAMMALS 

M ammals constitute the highest class of vertebrates and 
may be defined as warm-blooded creatures in which the 
outer skin never takes the form of feathers, and in which the 
young are nourished for a longer or shorter period after birth 
on their mother’s milk. Hair is rightly considered a very 
characteristic feature of mammals, though it may take several 
forms such as the spines of a porcupine or hedgehog, or the 
scales of some of the ant-eaters. In the case of the armadillo 
a bony-plated armour has been developed. This is the only 
class of mammal which has adopted this feature. 

With a few exceptions all mammals have the same number 
of joints in the neck — that is, seven, and this number is not 
affected by the length of the neck. The normal number of 
limbs is four, hence the common term “ quadruped.” In 
the case of the whales the hind limbs are mere rudiments. 

The first and lowest order of mammals has only two types, 
the duck-billed platypus and the echidna, or spiny ant-eater. 
The first named is a most extraordinary creature ; its body is 
like that of a m')le covered with short brown fur, the feet are 
webbed, and it has a short, flat tail. The jaws are extended 
to form a beak like that of a duck. It burrows into the bahks 
of streams and lives chiefly upon insects. 



AT THE TOP OF THE SCALE .* MAMMALS 2iy 

The echidna is rather like a large hedgehog with a snout- 
like bill, no teeth, and a long, sticky tongue with which it 
catches insects. Its strong claws enable it to dig very easily. 
It lays eggs, but suckles its young in true mammalian fashion. 

THE KANGAROO’S INCH-LONG BABY 

T he marsupials are an ancient order whose distinguishing 
mark is the pouch in which they carry their young. With 
very few exceptions all are Australian, the best known of them 
being, of course, the kangaroos and their numerous allies. 
All these animals have extremely well -developed hind -legs, 
with the result that they hop instead of walk. Their tails have 
grown strong and are used to assist them in balancing when 
sitting up — their normal position when at rest. All kangaroos 
live on vegetable food. When they are born they are very 
small and immature. Even in the case of the Great Red 
Kangaroo, which attains an adult height of four to five feet, 
the young are only an inch long at birth. They are trans- 
ferred by the mother to her pouch, there to live for se\’eral 
months. 

The phalangers, some of which are sometimes wrongfully 
called opossums, take their scientific name from the fact that 
the second and third digits of their hind feet are joined to- 
gether. They are small, arboreal animals with a prehensile 
tail and are omnivorous in their diet. Some of them have 
a membrane along their side, by extending which they are 
able to glide through the air for a short distance. 

An important division of the marsupials comprises all 
the carnivorous animals of Australia. These include the 
dasyures, one of which is the well-known Tasmanian Devil, 
a small, heavily built, dark-skinned animal with tremendous 
biting powers. 

The next order is that of the edentata, or toothless mam- 
mals. This name is not quite accurate as in some cases these 
animals possess teeth of a sort, but when present the teeth 
are alw^ays rudimentary and are never renewed. First come 
the sloths, all South American, living in trees and feeding on 
plants. The feet are either tw^o-toed or three-toed and are 
furnished with very long claws, which enable them to hang 
suspended from the branches. In this position they pass their 
entire lives, and even become covered with minute vegetable 
growtns. 

Another family are the Hairy Ant-eaters, also of South 
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America, among which is included the Great Ant-eater. This 
animal grows to over four feet and has a long and bushy tail. 
The jaws are prolonged into a trunk-like snout, from which 
emerges a long and sticky tongue like a whiplash. All the 
feet have strong claws, and those on the front limbs, when 
not used for digging, are bent inwards, and the animal walks 
on the side of the foot. This ant-eater lives on termites 
with which the forests of South America abound. It breaks 
open their nests with its strong claws, thrusts in its long tongue 
and devours them. 

The four-toed Tamandua Ant-eater may also be mentioned. 
It is in many respects a miniature of its much larger relative. 
It is strictly arboreal in its habits, usually being found about 
half-way up the trees it frequents and never descending to 
the ground. 

The aard-vark, or Ground Hog of Africa, is an extremely 
strange-looking animal, nocturnal in habits, with a long 
body and tail, in all about four feet. The claws are very strong 
and curved and the rapidity with which the animal can burrow 
out of sight must be seen to be believed. 

The armadillos, found only in the New World, v^ry in 
length from six inches up to three feet, and live on insects, 
carrion, w'orms and fruit. They are covered with a bony 
armour, which in some cases is much divided up into sections, 
and the animal is able to roll itself up into a ball as a pro- 
tection against its enemies. All the foregoing mammals are 
descended from very ancient types, in some cases of great 
size. 

THE COLD TRUTH ABOUT MERMAIDS 

T he sirenians are large, aquatic mammals, somewhat 
fish -like in form, entirely confined to the shores of seas 
in hot countries. The order owes its name to the fact that it 
is thought the belief in mermaids may have originated through 
some traveller seeing some such creatures as these. One family, 
the manatees, are sluggish, awkward animals of ten feet and 
over in length, feeding exclusively on seaweed and river 
plants. 

The dugongs are very similar, except for the fact that they 
are perhaps more strictly marine in their habits and sometimes 
attain a larger growth. They are found on the coast of the 
Indian Ocean, extending in range to the north coast of 
Australia. 
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HOW THE TOOTHLESS WHALE STRAINS ITS FOOD 

U NDER the heading of cetaceans are grouped the whales, 
dolphins and porpoises. They are all carnivorous creatures 
living in the sea and are very widely distributed. All the 
whalebone whales, which are toothless, are placed in one 
family, and all other groups consist of toothed whales. 

In the toothless whales there is a total absence of teeth in 
the adult, their place being taken by a number of plates of 
“ baleen ** or whalebone. The Greenland or “ Right ” Whale 
is typical of this family. It is from forty to sixty feet in length, 
nearly one-third of the length being made up by the head. 
On account of the absence of teeth and the extremely small 
size of the gullet, a whale is compelled to live on very small 
creatures. He swims with his mouth open, and encloses an 
enormous amount of water containing myriads of diminutive 
marine animals. He then shuts his mouth and allows the 
water to strain through the whalebone plates, retaining the 
food, which he is then able to swallow. 

Owing to the fact that many whales are protected against 
the cold of the water in which they live by a thick coating of 
fat, known as “ blubber,” they have long been pursued by 
man, and in some species the numbers have decreased almost 
to the point of extinction. Members of this family are the 
rorquals, the largest of all living creatures, some being known 
to reach a hundred feet in length, 

'^rhe sperm whales, or cachalots, are very remarkable. The 
males are very long, from fifty to seventy feet, but the females 
are much smaller. The head takes up more than a third of 
the entire length of the body. The snout forms a broad, trun- 
cated mass, with the nostrils placed in the front. I'hese w^halcs 
live together in numbers, known as “ schools,” and are found 
usually in tropical waters. The spermaceti, for which they are 
specially pursued, is in life a clear, white, oily liquid, cpritained 
in certain cavities of the head. On exposure to the air it solidi- 
fies. One w^hale sometimes yields as much as five hundred 
gallons. From these whales is also obtained the peculiar 
substance known as ambergris, which is really a secretion of 
the intestines caused by disease. It is a waxy-looking substance, 
used as a basis for perfumes, and is very valuable. 

A striking member of the dolphin family is the grampus, a 
large mammal nearly thirty feet long, often spoken of as the 
“ Killer Whale ” and noted for its extreme ferocity and the 
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power of its attacks on other cetaceans much larger than rtself. 

Lastly, the curious narwhal must be mentioned. It is 
an inhabitant of Arctic Seas, and the body alone measures 
fifteen feet in length. The dentition of this animal is very 
remarkable. The lower jaw is devoid of teeth, and in the 
females no external teeth are present in the upper jaw. In 
the males, the left canine tooth in the upper jaw grows to an 
enormous tusk of from eight to ten feet, spirally twisted, and 
continues to grow throughout life. Cases have been known 
where two such tusks have been developed. Their use seems 
undoubtedly to be as weapons, and the traces of their effects 
on the bodies of other narwhals have been observed. 

AN ANIMAL WHOSE “HORN** IS MADE OF HAIR 

A very large and important order is that of the ungulates, 
or hoofed mammals. They may be divided into two sec- 
tions, the odd -toed and the even -toed. The first division 
includes the rhinoceros and the horse tribes. Though these 
groups are widely separated from each other by many im- 
portant characteristics, the intervals between them have been 
bridged by many forms now extinct. 

The Indian rhinoceros has one horn and deeply marked 
folds in the skin. Like all rhinoceroses, it suggests a type of 
the very distant past, w^hen such heavy, slow-thinking beasts 
were very common. In Africa both species, the white and 
the black, carry two horns. The white rhinoceros is the 
larger of the two — in fact, after the elephant, it is the largest 
living land mammal. Another point of difference is the square- 
shaped muzzle of the white variety, as compared with the 
finger-like lip possessed by the black rhinoceros. 

In speaking of the “ horn ’’ of a rhinoceros, it should be 
stated that this is not the usual structure of horn on a bony 
core, as in the case of other ungulates, but is a collection of 
hairs, adhering together, and making a very strong and resilient 
substance w hich is, however, only loosely attached to the head. 

I'he tapirs are gentle, inoffensive animals, inhabiting tropical 
forests, vegetarian in diet, with a short, flexible proboscis used 
for feeding. There are several South American species, which 
arc dun-coloured, pig-like animals, many of them being aquatic 
in their mode of life, and usually nocturnal in habits. The 
Malay tapir is the largest of this family and differs strikingly 
in colouration, as it has a large, saddle-shaped patch of white 
on the back. Tliis may be taken as a case of natural colour 
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protection, since it breaks up the outline of the body and 
makes it difficult to distinguish. 

An interesting fact about the pigmentation of this animal is 
that it is of a free nature, and can easily be rubbed off on the 
hand if touched. Also the young of both the South American 
and Malay species do not at birth resemble their parents in 
marking, but in both cases are striped and spotted, thus point- 
ing to a common ancestry. It does not take them long, how- 
ever, to lose their spots and become replicas of their respective 
parents. 

HOW THE HORSE LOST ITS FIVE TOES 

Z EBRAS, asses and horses are descended from very distant 
types in which all four legs possessed extremities with five 
fingers or toes, the whole hand or foot being placed flat on the 
ground in walking. Gradually the ancestors of the horse came 
to walk on the ends of the fingers or toes, so that, in the course 
of a very long time, the middle finger or toe became greatly 
enlarged, its nail forming the hoof, while the other digits 
disappeared. 

The domestic horse is distinguished from asses, quaggas 
and zebras by having relatively smaller ears, a more abundant 
tail, and usually the presence of bare warty patches on the 
inner side of all four legs. The wild asses of Africa would 
seem to have been the ancestors of the domestic ass, and one 
of them, the Somali wild ass, is the finest example of his race. 
In his case, the stripe on the back and shoulders, so distinctive 
of all asses, is less noticeable, though the striping on the legs 
is well marked. 

Zebras approach more nearly to asses than to horses. In 
both, the mane is erect, the upper part of the tail is free from 
long hairs, and there are warty patches on the fore -legs only. 
The ears are longer, the head relatively larger and the hoofs 
narrower than those ol horses. Another marked difference is 
the striping of the head and body. Many hybrids between 
various members of this family have been produced, thus 
showing their affinity and common origin at some not very 
distant period. 

The even-toed ungulates make up the larger half of the 
order. I'hey include the hippopotamus family, which is not 
far removed from the pigs. I'hcy are bulky mammals, with 
very long, barrel-shaped bodies, short, massive legs, and 
enormous mouths. The eyes are small, but projecting, and the 
nostrils are placed on the highest point of the muzzle, so that 
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the animal when in the water can breathe without exjx)8ing 
more than a few inches of the head above the surface. These 
animals are good swimmers and' pass the greater part of their 
life in the water, feeding exclusively on vegetable matter. The 
pygmy hippopotamus of Liberia is a much smaller animal, about 
a quarter the size of the other species and less aquatic in its 
habits. 

Pigs are very nearly related to the foregoing family, and 
occur in almost every part of the globe except Australia. A 
special characteristic is the presence of an elongated snout, at 
the end of which are the nostrils. This is of great use to the 
animal in grubbing up roots, etc., for food. Pigs have a very 
keen sense of smell, and are used in some parts of the world 
to hunt for truffles. They will eat anything, t hough not 
always given credit for it, they are intelligent and courageous 
animals, and if left to themselves would not be the byword 
for filth that they are. 

Notable species are the wild boars of Europe and Asia, the 
babirussa of Celebes and Borneo, in which the canine teeth 
pierce the upper lip and curve backwards ; the wart-hogs of 
Africa, distinguished by huge, curly upper tusks and warty 
growths on the face ; and the gigantic black forest hog of the 
Congo. In the New World, the peccaries are smaller in size, 
very gregarious, and, in the case of one species at least, credited 
with a disposition to attack man if molested. 

So far all the ungulates considered have been non-ruminants 
— that is, animals which do not chew the cud. The remainder 
chew the cud. This means that their stomachs are divided into 
compartments, into the first of which, known as the paunch, 
their food passes unchewed. From the paunch it is later 
returned in small quantities to be chewed while the animal 
is at rest. 

The true camels are found only in Africa and Asia. The 
Arabian camel has only one hump — the term “ dromedary ’’ 
being applied to the finer breed of this animal, one more 
suitable for fast travel. The camel may be said to be a first- 
rate example of fitness to environment, every part of its body 
being exceedingly well suited to the regions in which it usually 
lives. It may be questioned, however, if its proverbial capacity 
for going without water has not been somewhat exaggerated. 
The Bactrian camel of Central Asia is a heavier, two-humped 
animal with long shaggy hair, adapted to withstand consider- 
able cold. 
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The llamas and alpacas of South America are an allied 
group, which before the Spanish Conquest were the only 
domesticated animals in Peru. The llama is used in its native 
country largely as a beast of burden, as is also the alpaca, 
though the latter is kept more for its wool, which is longer 
and more abundant than that of its relative. 

HOW A DEER GROWS ITS ANTLERS 

D fkr differ from other ruminants in the nature of their 
horns, or more properly speaking, “ antlers,** which with 
very few exceptions are present in all species. The antlers 
are confined to the males, except in the case of reindeer w hich 
have them in both sexes. Antlers are growths of true bone, 
covered w'hile growing with a soft, sensitive skin, which con- 
tains blood-vessels and is known as “ velvet.** When the 
antler is fully grown, the supply of blood ceases, and the 
“ velvet ’* peels off, leaving the hard bone exposed. Later, by 
alisorption at the base, the antler is shed, leaving a stump on 
which next year’s growth is developed. With most deer the 
process takes place every year, and when the antlers are many- 
b ranched, as in the case of Red Deer, each year’s growth is 
represented by an additional point or “ tine,” until the 
antlers begin to lose points, when the stag is said “ to go back.” 

With the exception of one species in the north, Africa has 
no deer, nor has Australia ; otherwise they are widely dis- 
tributed throughout the world and the family numbers over 
a hundred species. To-day the largest living deer is the elk. 
it is found in Northern Europe and North America, where it 
is usually known as the moose. The American variety is the 
larger, and the antlers of the Alaskan race have been known 
to measure six feet across. 

Only one species of deer has been domesticated, namely 
the reindeer. These animals are confined to Northern Europe 
and Asia, particularly Lapland, where from time immemorial 
they have served as beasts of burden and as a source of food, 
d’he wild caribou of North America are a closely allied species, 
and are famous for their annual migration, in which at one 
time millions of animals took part. 

Next to the moose, the Red Deer of North America (which 
are correctly called “ wapiti ” not “ elk ”) and their allied 
types in Central Asia are probably the finest creatures of 
their kind. Tremendous animals with great spread of antlers, 
they make an imposing picture in their wild and native haunts. 
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SPLENDOURS OF THE HORNED TRIBE 

U NDER the heading of bovine animals are grouped the 
antelopes, oxen, sheep and goats. These include many 
of the animals man has domesticated and which are of the 
greatest use to him. Horns are nearly always present, often 
in both sexes, but they are very different from the antlers of 
the deer tribe, being a sheath of horn on an inner bony core. 
None of these animals shed tlieir horns, except only the 
American pronghorn antelope. 

The antelopes are of great variety and number, especially 
in Africa, where about nine-tenths of the species are found. 
Many of them are large and splendid creatures with great 
variety in their horn formation. In the kudu, the horns are 
spirally twisted ; the sable and oryx have them in a sweeping 
curve. In the waterbuck, they are lyre-shaped ; while in the 
gnus, they are bent horizontally. 

In sheep and goats both sexes, for the most part, have 
horns, and they are generally flattened at the edges and turned 
backwards. The bodies of these animals are heavier and the 
legs shorter and stouter than those of the antelopes. Both sheep 
and goats are essentially mountain dwellers and are confined 
to the northern hemisphere. It is, however, very difficult to 
draw an exact line between them. Sheep feed on close herbage ; 
goats browse on leaves and twigs. Sheep have small glands 
between the feet, while the rams lack the strong smell of male 
goats. In sheep the horns of the males tend to be twisted in 
a large curve. In goats the horns are straight, sweeping back- 
wards. Goats usually have a beard. 

Oxen are distinguished by having rounded horns instead of 
twisted ones, and they are usually pointing outwards. Most 
of them have been more or less domesticated and they form 
one of man’s most useful allies. In Britain the nearest approach 
to wild cattle are the “ Chillingham Cattle,” which are white 
in colour, with a dark muzzle, and have white horns tipped 
with black. Of this type are the Gaur of India, and their 
domestic counterpart, the Banteng. The humped cattle of 
India are marked by a fatty hump on the withers. Represen- 
tatives of their type are seen in Egyptian monuments, a fict 
which proves the antiquity of the breed. 

Bison ari distinguished by having a shaggy mane, a hump 
on the shoulders, a very large head, and a tufted tail. The 
American bison, popularly misnamed “ buffalo,” is the largest 
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of North American hoofed animals. Enormous herds of them 
once covered the prairies. The story of their near-extinction 
has often been told, but it was the trade in skins (“ buffalo 
robes as they were called) which did more than anything to 
reduce their numbers. They have now been placed under 
protection and are once more fairly abundant, so that there is 
not much danger of the species ever becoming extinct. Though 
formidable in appearance, the bison were never responsible for 
many human deaths, and there was more risk from a fall from 
horseback than from their horns. 

The European bison is very similar in appearance to the 
American variety though rather lighter in build. Except for 
certain individuals in a semi-wild state, the race is much 
diminished in numbers. The true buffaloes, which in India 
and Indo-China are commonly domesticated, are heavy, power- 
ful animals, with enormous backward-sweeping horns. In 
Africa, none of them are domesticated, but they are found in 
great numbers, ranging in size from the large, black Cape 
buffalo, to the much smaller, reddish “ bush cows of Western 
Africa. 

Tibet has another member of the family in the yak, a beast 
of distinctive appearance, with long hair on the body and tail, 
and a humped shoulder with a heavy, low-carried head. It is 
known in both semi-wild and domestic states, the domesticated 
animal being used as a baggage carrier. It is slow but sure- 
footed and capable of enduring the cold of high altitudes. 

A LITTLE RELATIVE OF THE ELEPHANT 

T hough outwardly resembling one of the rodent family, the 
small mammals called hyraxes have been placed in a 
separate order. They have, however, certain affinities with 
the ungulates and are probably of very primitive origin. For 
the most part they are African, live together in companies, 
and make their homes in the holes of rocks. The feet have 
round hoof-like nails, and their owners are good tree-climbers. 
In Syria a species has been found which has been identified 
with the “ coney ” referred to in the Old Testament. 

The Indian elephant ranges from India to Sumatra and is 
smaller than the African species, fully grown males rarely 
exceeding ten feet at the shoulder, while females are at least 
a foot less. The forehead is concave, the ears are comparatively 
small, and there are five toes on the fore-feet and only four on 
the hind feet. The end of the trunk is formed by a finger -like 
S.L.T. H 
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upper lip and a much shorter lower lip. Both sexes may carry 
tusks, though the percentage among females is not high. The 
tusks have been known to reach eight feet in length and their 
weight over a hundred pounds, though these dimensions are 
exceptional . 

The African elephant is a taller, more leggy animal, of a 
possible eleven to twelve feet in height, with a sloping fore- 
head and back, and enormous ears which may measure as 
much as six feet across. The trunk has a finger-like lip both 
top and bottom, while the front feet have four nails and the 
hind feet three. Both sexes usually have tusks, but the tusks 
of the males much exceed those of the females and have been 
known to attain the incredible weight of two hundred and 
seventy pounds, with a length of twelve feet. Such figures 
are, of course, very exceptional, and the constant pursuit of 
male elephants for their ivory tusks has rendered the equalling 
of such records very unlikely in modern times. 

The African elephant has been domesticated in the Belgian 
Congo, but only to a limited extent. Domestication on the 
scale practised in Indian operations has not been attempted. 

MAMMALS BUILT TO SLAY AND REND 

I N the order of carnivorous or flesh-eating mammals a very 
highly developed and specialised type of animal has been 
evolved. All of the carnivorous mammals are adapted for 
preying on their fellow creatures, for all must have flesh to 
live. To enable them to kill and eat meat, important modi- 
fications of the skull and teeth have taken place, the skull 
being ridged for the exceedingly strong muscles needed in 
biting and tearing meat. The canine teeth are very long and 
tusk-like, while the presence of “ carnassials or sharp, 
cutting teeth, considerably helps the process. 

Not only this, but the p>ossession of claws, long, curved 
and strong, gives them an added efficiency in killing. The 
size of the claws is usually in direct proportion to the degree 
to which the animal is strictly carnivorous. The senses of 
hearing, sight and smell are usually very keen, the sense of 
taste perhaps somewhat less so ; but the tongue is often rough 
and acts like a file in scraping the flesh from bones. Their 
skins are loose-fitting, as a precaution against being seized by 
an assailant and to give them greater freedom of. bodily 
movement. 

Seals and walruses make up a division of the carnivorous 



AT THE TOP OF THE SCALE : MAMMALS 227 


mammals called Pinnipeds — that is, “ with feet shaped like 
The seals are further divided into true seals and eared 
seals. The first-named have no external ears. They have 
short, strong limbs covered with hair. Their hind-limbs are 
not used in walking but on land are dragged behind. All 
these animals are true, air-breathing mammals, and come 
ashore to breed. They spend most of their lives in the water, 
usually the sea, for which their bodily shape is well suited. 

The common seal is frequently seen round British coasts. 
It is only three to five feet in length, but other species are 
larger, and the elephant seal of the South Pacific and else- 
where reaches, in the cane of the males, twenty feet in length 
and weighs several tons. This species takes its name from 
the short, trunk-like appendage of the male ; when the animal 
is angry or excited, this is capable of being blown out into a 
miniature trunk. 

Sea-lions have small external ears, and are fairly well able 
to walk on land in a shuffling sort of way. The fur seal of 
Alaska is a member of this group, and so is the well-known 
Californian sea-lion. The males of all these animals have 
short neck-manes, w'hich can be seen when the skin of their 
bodies is in a dry condition. They all like to live in flocks, 
are wonderfully fine swimmers and are capable of great bodily 
dexterity. 

Of. the walruses there are two known species, the Atlantic 
and the Pacific walrus. They are remarkable for the immense 
development of the upper canine teeth into the form of tusks, 
from twelve to eighteen inches showing outside the jaw. Except 
for these tusks and the absence of external ears, walruses are 
most like the eared seals and can move all four limbs freely. 
They are large animals, attaining ten to fifteen feet in length. 
They live in communities, feeding for the most part on shell- 
fish, using their tusks to dig with and to assist them in climbing 
about the ice floes. 

BEARS AND RACOONS ARE ALLIED : THE WEASEL 
A RELATIVE OF THE BEAR 

T he second division of carnivorous mammals are known as 
Fissipeds, or split-footed animals. They are all terrestrial, 
the feet being adapted for walking on land, rarely webbed for 
swimming, and with well -developed claws. First of all come 
the bears, with which are included the raccoons and weasels. 
Bears are not truly carnivorous ; they will eat meat when 
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Upper lip and a much shorter lower lip. Both sexes may carry 
tusks, though the percentage among females is not high. The 
tusks have been known to reach eight feet in length and their 
weight over a hundred j>ounds, though these dimensions are 
exceptional. 

The African elephant is a taller, more leggy animal, of a 
possible eleven to twelve feet in height, with a sloping fore- 
head and back, and enormous ears which may measure as 
much as six feet across. The trunk has a finger-like lip both 
top and bottom, while the front feet have four nails and the 
hind feet three. Both sexes usually have tusks, but the tusks 
of the males much exceed those of the females and have been 
known to attain the incredible weight of two hundred and 
seventy pounds, with a length of twelve feet. Such figures 
are, of course, very exceptional, and the constant pursuit of 
male elephants for their ivory tusks has rendered the equalling 
of such records very unlikely in modern times. 

The African elephant has been domesticated in the Belgian 
Congo, but only to a limited extent. Domestication on the 
scale practised in Indian operations has not been attempted. 
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mammals called Pinnipeds — that is, ‘*with feet shaped like 
fins.” The seals are further divided into true seals and eared 
seals. The first-named have no external ears. They have 
short, strong limbs covered with hair. Their hind-limbs are 
not used in walking but on land are dragged behind. All 
these animals are true, air-breathing mammals, and come 
ashore to breed. They spend most of their lives in the water, 
usually the sea, for which their bodily shape is well suited. 

The common seal is frequently seen round British coasts. 
It is only three to five feet in length, but other species are 
larger, and the elephant seal of the South Pacific and else- 
where reaches, in the case of the males, twenty feet in length 
and weighs several tons. This species takes its name from 
the short, trunk-like appendage of the male ; when the animal 
is angry or excited, this is capable of being blown out into a 
miniature trunk. 

Sea-lions have small external ears, and are fairly well able 
to walk on land in a shuffling sort of way. The fur seal of 
Alaska is a member of this group, and so is the well-known 
Californian sea-lion. The males of all these animals have 
short neck-manes, w^hich can be seen when the skin of their 
bodies is in a dry condition. They all like to live in flocks, 
are wonderfully fine swimmers and are capable of great bodily 
dexterity. 

Of the walruses there are two known species, the Atlantic 
and the Pacific walrus. They are remarkable for the immense 
development of the upper canine teeth into the form of tusks, 
from twelve to eighteen inches showing outside the jaw. Except 
for these tusks and the absence of external ears, walruses are 
most like the eared seals and can move all four limbs freely. 
They are large animals, attaining ten to fifteen feet in length. 
They live in communities, feeding for the most part on shell- 
fish, using their tusks to dig with and to assist them in climbing 
about the ice floes. 

BEARS AND RACOONS ARE ALLIED : THE WEASEL 
A RELATIVE OF THE BEAR 

T he second division of carnivorous mammals are known as 
Fissipeds, or split-footed animals. They are all terrestrial, 
the feet being adapted for walking on land, rarely webbed for 
swimming, and with well -developed claws. First of all come 
the bears, with which are included the raccoons and weasels. 
Bears are not truly carnivorous ; they will eat meat when 
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obtainable, but vegetables form the greater part of their 
food. Consequently their teeth do not conform so strictly to 
the carnivorous pattern. Their claws are formed for digging, 
being large, strong and curved. 

Bears are widely distributed throughout the world and are 
found everywhere except in Australia. Africa has few bears, 
the only well-known species being one found in the Atlas 
Mountains. The largest species of all is from the Kadiak 
Islands, Alaska, but the grizzly bear undoubtedly reaches 
great size. The variation in the colour of the skin makes 
it very difficult at times to assign any given bear to its correct 
species. The Polar bear is a very distinct and familiar species. 
It is exclusively Arctic in habitat and a splendid swimmer ; 
it feeds entirely on fish, seal and walrus. Its great size, quick 
movements and snake-like head make it very distinctive. It 
is quite unlike any other bear. 

The raccoons are small American animals, closely related 
to the bears. They are attractive animals, with bright eyes, 
banded muzzles and long tails. They have a curious habit 
of always washing anything before they eat it. They are easily 
tamed, and their only drawback as pets is their unceasing 
curiosity, which drives them to turn everything in a house 
upside down ! The kinkajou is a similar form, bright yellow 
in colour with close, velvety fur and a prehensile tail. It has 
a great capacity for climbing. 

THE WEASELS: A BEAUTIFUL BUT BLOODTHIRSTY TRIBE 

O TTERS, badgers and weasels are all grouped together. 

Weasels are mostly small, elongated in body with a 
gliding method of progression. The common weasel and the 
larger stoat are still plentiful in Britain. The ferret is the 
domesticated form, the only member of this family to be so 
tamed. Many of the race, such as minks and martens, are 
possessed of very beautiful and valuable furs, in consequence 
of which they have long been closely pursued. They are all 
of a very fierce disposition, out of all proportion to their size, 
and their blood-thirstiness is proverbial. They are among the 
few carnivores which really kill for sport as well as for neces- 
sity. The wolverene, or glutton, of Europe and North America 
is much the largest of the family and is noted for its strength 
and cunning, some of its feats in defeating the wiles of trappers 
being unbelievable. 

The badgers diflFer from the typical weasels by walking flat- 
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footed. They are for the most part nocturnal and inoffensive, 
only wishing to be left alone. A badger, however, is a very 
courageous beast, and when cornered will give a very good 
account of himself with his formidable jaws and teeth. 

Related to badgers are the skunks, notorious for their power 
of emitting a most unpleasant odour. As a matter of fact, all 
the weasel family have this faculty, though not to the same 
degree. 

The ratels, or honey badgers, of Africa and India are queer 
little beasts, coloured white above and black below. They 
exist largely on bees and other insects and are reputed to be 
of unflinching courage. 

Otters are land-mammals that have taken to the water in 
comparatively recent times, as is shown by the fact that the 
young (as with seals also) do not swim naturally but have to 
be taught by their parents. In Britain they do not grow to 
a length of more than a few feet, but there is an American 
species which is almost five feet long. The sea otter has been 
so persecuted for its fur, which is reckoned one of the most 
valuable of all skins, that it is on the verge of extinction and 
is now only found in the most remote places. 

Wolves, foxes and dogs have much in common, and though 
the ancestry of the domestic dog is in doubt, there is very 
little difference between some of the larger breeds and wolves. 
The whole race has been much modified by breeding and is 
very widely spread. Wolves have at one time been found all 
over the temperate parts of the world. To-day the finest arc 
probably the timber wolves of North America. Jackals are 
smaller animals, with a round pupil in the eye and a sharp, 
pointed muzzle. They hunt in packs and burrow in the ground 
for shelter. 

The foxes differ from all other members of the family in 
that they have a vertical pupil to the eye. They have pointed 
muzzles and bushy tails. The common fox, found, of course, 
in this country, is very widely distributed throughout Europe 
and Asia, while the silver foxes of the north are much prized 
for their fur. IMention may also be made of the curious little 
fennec fox of Africa, with his enormous, erect ears. 

ANIMALS WHICH WALK ON THE TIPS OF THEIR TOES 

H Y.ffiNAS, civets and cats make up a section of animals which 
walk on the tips of their toes. Most of them, excepting 
the hyasnas, are able to withdraw their claws when not in 
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use, thus preventing them from getting blunted. Civets arc 
smallish animals, ^ith sharp muzzles and long tails, and 
are usually conspicuously banded and spotted. Many of 
them are expert tree climbers and make their living on the 
various forms of life they encounter in such surroundings. 

Half-way between them and the hyaenas is the aardwolf of 
South Africa, which much resembles the hyaena but lacks its 
power. All the hyaenas are natives of the Old World ; they 
are unattractive-looking creatures, with sloping hindquarters 
and immensely powerful teeth. But for their usual timidity, 
they would be fonnidable indeed. Probably they perform a 
very useful service to the people in whose country they live, 
as they are inveterate scavengers and clear away much decay- 
ing meat and offal. 

I'he true cats represent a very high form of mammal ; from 
a physical point of view, some of them may be said to have 
reached perfection, so well adapted are they for their chosen 
mode of living, and so perfectly is the balance held between 
strength and agility, often joined to great beauty of appearance. 

The lion is usually placed first in popular estimation, but 
it may be questioned if the tiger is not a finer animal. Certainly 
in the Siberian variety he attains a greater size, and his skin 
is more strikingly marked. The leopard, how^ever, has claims 
to be considered the perfect cat, for to speed and beauty of 
movement he joins a very quick mind, capable of acting like 
a flash. 

The beautiful snow leopard of the highlands of Central Asia 
is a scarce and lovely creature. The cheetah, or hunting 
leopard, is found in Indian and Africa. In India it has been 
trained to hunt and is exceedingly swift for a short distance. 
It is longer in the leg than most cats and its claws are com- 
paratively weak. 

The lynxes are the most notable of the smaller types. They 
are all cold country animals and in winter grow a thick fur. 
They can always be distinguished by their short tails and 
tufted ears. There are numerous species of smaller cats, 
many of them little known. Some of them are of great beauty. 

What are known as rodents or gnawing animals make up the 
most numerous order of all, consisting of over two thousand 
species. They include mice, rats, squirrels, beavers, porcu- 
pines, hares, rabbits, etc., etc. Among so many species only 
small differences exist in many cases, but for the most part 
rodents are small, dmid mammals, breeding in great numbers. 
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To this last fact and to their insignificance they owe the film 
hold they have taken on life and their presence in every part 
of the globe. 

Their distinguishing feature, from which they take their 
racial name, is the perpetual growth of their front cutting 
teeth, which are always worn to a chisel -like edge and thus 
greatly assist them in their characteristic method of feeding. 

THE ONLY ANIMAL THAT CAN FLY 

B ats are entirely separated from all other mammals by their 
ability to fly. This action is made possible by what is 
really an enormous lengthening of what corresponds to the 
four outer fingers, which are covered by a delicate and sensi- 
tive skin or membrane. All bats come out only at dusk or in 
the night ; some of them feed on flesh, others on fruit. The 
senses of touch and hearing are exceedingly acute and at night 
time they can see quite well. During the day they hang, head 
downwards, in their chosen retreats, but at night they are very 
active, though their flight is not so rapid as that of birds. The 
largest of them all are the fruit bats, some of which are known 
as flying foxes. In all^ about seventy species of them are known, 
some of them measuring so much as four feet across the wing 
lips. 

There are nearly twenty species of British bats, some quite 
common. They usually sleep during the winter and put on an 
extra quantity of fat before doing so. Some families possess 
very curiously shaped growths on the nose, and the ears are 
enormously large in proportion to their total size. The so- 
called vampire bats are confined to the New World. None 
of them are more than about two feet across and of only a lew 
of them can it be said that they can suck the blood of sleeping 
men or animals. There seems little doubt however that in 
some cases they do. 

A long-descended order are the insect-eaters, in many 
respects similar to the rodents but differing from them in 
dentition. They are mostly small, nocturnal animals, living 
underground, and in temperate climates usually sleeping 
through the winter. The order includes about one hundred 
and fffty species, of which about half are shrew-mice, while 
moles of many species, hedgehogs, musk-rats, etc., account 
for most of the others. 

The last and highest order, with which man himself is 
closely associated, is called the Primates. In the first group 
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are what are known as the Lemuroids, about fifty species in 
all, mostly found in the island of Madagascar. Some of these 
animals are very unusual m appearance, as for example the 
curious little aye-aye, which is rather like a squirrel with a 
hairy body and bushy tail. 

More nearly approaching the monkeys are the true lemurs, 
though their foxy appearance and large nocturnal eyes rather 
disguise the relationship. 

SOME PERSONALITIES OF THE MONKEY TRIBE 

M armosets are all South American, small, gentle creatures, 
often more like squirrels than monkeys. For the most 
part the monkeys of the New World are of a lower form and 
of much less intelligence than those of the Old. The howler 
monkeys are remarkable for the volume of sound which they 
can produce. The Old World monkeys include the baboons, 
and the West African mandrill ; the male is one of the most 
strikingly coloured of all mammals. 

Last of all is the highest and most important family 
approaching most nearly to man — the anthropoids. It con- 
tains only four members, gibbon, orang-outan, chimpanzee, 
and gorilla. Gibbons are all Asiatic and tree-dwelling, though 
curiously enough they are capable of a more upright walk than 
any of the other apes. Their arms are very long and they are 
perfectly at home in the trees. They are entirely vegetarian 
in diet, and mostly possessed of very loud voices. 

The orang-outans are found in Sumatra and Borneo. They 
are of a uniform reddish-brown colour, with long hair, and 
the fully grown males develop great homy growths round the 
face and neck. Their arms and hands are exceedingly long, 
and they live mostly in trees, making nests for themselves in 
which to sleep. 

The chimpanzee is African and approaches more nearly to 
the human form. The colouring is dark brown, the face is 
naked, as are the hands and feet. The ears are large, and the 
brows arched, and these animals are often of a quick, nervous 
temperament. They are intensely curious and imitative. 

It has been disputed as to whether the gorilla, the last 
member of the family, should rank higher than the chimpanzee, 
but, on the whole, scientific opinion tends to place the gorilla 
first. Certainly in point of size he is a much bigger aniinal, 
examples having been known over five and a half feet l^h, 
sixty inches round the chest, and six hundred pounds in weight. 
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T he study of the relationship of animals to each other is 
termed Ecology. Ecology means scientific field natural 
history. It is the same as natural history, but endeavours 
to be more accurate and precise. It deals with the law of living 
things in relation to other living things, and with the relations 
of animals to their environment, but is connected with a great 
many other subjects. It seeks to make use of, to give some 
definite form to, the very large number of obser\^ations which 
have been accumulated during the last few hundred years by 
field naturalists interested in live animals. Perhaps the greatest 
number of these observations have been made on insects. 

Not much work has been done in animal ecology so far, as 
during the latter half of the nineteenth century zoologists, 
entomologists and naturalists generally, took more interest in 
other aspects of animals, and most of the older work dealt 
chiefly with attempts to help prove the theory of natural 
selection. Botanists, however, have developed further the 
scientific study of the relations between plants and their 
environment. Ecology is endeavouring to solve some of the 
urgent practical problems which keep cropping up every- 
where as the result of man’s interference with the animal and 
plant life around him. 

A FIERCE ANT-BATTLE 

D ifferent sets of animals are peculiar to diflFerent localities 
and in the course of evolution the animals become more 
and more adapted to their surroundings, and are thus specially 
fitted for the conditions under which they live. They become 
adapted to climatic and other physical and chemical factors, 
such as the type of food which is available, the kind of enemies 
with which they have to deal, and to various communities or 
associations of plant. 

The personnel of every community of animals is constantly 
changing with the seasons, the weather, and so on, though 
the changes may be gradual over immense periods, as they 
were during the advance and retreat of the Ice Age. On 
the other hand, the changes may be on a small scale. 

233 
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J. D. Brown observed for several years the inhabitants of a 
hole in a beech tree, and the succession of the creatures who 
used it. In the first place, an owl used it for nesting purjxjses, 
but as the tissues of the tree grew round the entrance to the 
hole, it became too small for owls to enter, and their place was 
then taken by nesting starlings. Later the hole grew so small 
that no birds could enter, and it was occupied by a colony of 
wasps. Finally the entrance hole was completely closed up. 

The writer also, for ten years, kept under observation a 
hollow birch tree and noted how soon a new ants’ nest became 
infested with ants* guests. On August 27th, 1915, a fierce 
battle was witnessed at Woking between workers of the shining 
black ant and the subterranean yellow ant. The ants were 
all around the foot of a hollow birch tree in which the yellow 
ant was nesting ; hundreds of yellow ants lay dead, many 
dead ones were fastened by their mandibles to the legs and 
antennae of live black workers, and some workers of both lay 
dead, joined inextricably together during their death struggle. 
A few live yellow ants were still fighting with the black ones, 
but the colony of the former appeared to have been practically 
exterminated. 

The black ants finally established their colony in the hollow 
birch tree, building a carton nest at the roots of the tree. As 
it seemed a good opportunity to note how soon different ant 
guests came to a new nest, the tree was visited regularly for 
ten years, and by July 29th, 1925, thirty-eight different species 
of guests were noted. 

The gradual extermination of our British red squirrel by 
the presence of the introduced American grey squirrel is an 
example of a change which is now taking place. 

WHEN ANIMALS SPREAD DISEASE AND PLAGUE 

T here are many examples of the type of problem which 
is met with by the ecologist working in the field, some 
of which may be mentioned here. Epidemics of pneumonia 
occur regularly in China, killing many people. They are 
brought about by previous epidemics w^hich have attacked 
wild marmots living in overcrowded conditions. The danger 
has been increased by the arrival of numbers of Russian 
immigrants and Chinese colonists who, ignorant of the danger 
from the marmots, have taken no precautions so that the infec- 
tion has rapidly spread. In hotter countries, epidemics take 
the form of bubonic plague, which is transmitted by the bites 
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of fleas that have been infected with bacilli from rats and 
other rodents. The sugar-cane leaf-hopper was introduced 
by accident into the Hawaiian Islands from Australia, with 
the result that an immense amount of damage was caused to 
the sugar production. The damage was practically eliminated 
later by the introduction by Perkins of two Chalcid wasps from 
Queensland and Fiji, which parasitised the leaf-hopper, and 
by a Capsid bug which sucks its eggs. 

By beating spruce branches in Windsor Forest, the writer 
recently discovered a saw'fly, of which only four examples 
had previously occurred in Britain. It is a well-known Euro- 
pean species, and its caterpillar feeds on the spruce. It has 
been accidentally introduced into Canada and is doing an 
immense amount of damage to the spruce forests there. 'Phe 
Canadian government has granted a sum of money to employ 
an entomologist to study the sawfly on the Continent, and to 
obtain any parasites which attack it. These are sent to Farnham 
Royal, where they are bred and thoroughly tested to see that 
nothing is sent which could become a pest in itself. They are 
then despatched to Canada to be used to eliminate the spruce 
sawfly danger. 

As an instance of how the intentional introduction of an 
animal into a strange country to compete with a pest there 
may be too hasty and the animal may become a pest in itself, 
mention may be made of the mongoose in Jamaica. It was 
originally introduced to kill the snakes, but rapidly increased, 
and when it had exterminated all the snakes, it took to killing 
all the birds, poultry, etc., and thus became as bad a pest as 
the snakes. 

WHY PLENTY OF CATS MEANS PLENTY OF CLOVER 

D arwin has shown how the extermination of cats could 
affect the growth of clover. He writes : “I find from 
experience that humble-bees are almost indispensable to the 
fertilisation of the heartsease (Viola tricolor) ^ for other bees do 
not visit this flower. I have also found that the visits of bees 
are necessary for the fertilisation of some kinds of clover ; for 
instance, twenty heads of Dutch clover (Trifolium repens) 
yielded 2,290 seeds, but twenty other heads protected from 
bees produced not one. Again, a hundred heads of red clover 
(Trifolium pratense) produced 2,700 seeds, but the same num- 
ber of protected heads produced not a single seed. Humble- 
bees alone visit red clover, as other bees cannot reach the 
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nectar. . . . Hence we may infer as highly probable that if 
the whole genus of humble-bees became extinct or very rare 
in England, the heartsease and red clover would become very 
rare, or wholly disappear. The number of humble-bees in 
any district depends in a great measure upon the number of 
field-mice, which destroy their combs and nests, and Newman, 
who has long attended to the habits of humble-bees, believes 
that ‘ more than two -thirds of them are thus destroyed all 
over England.* Now the number of mice is largely dependent, 
as everyone knows, on the number of cats, and Newman says : 
‘ Near villages and small towns, I have found the nests of 
humble-bees more numerous than elsewhere, which 1 attribute 
to the number of cats that destroy mice.* Hence it is quite 
credible that the presence of a feline animal in large numbers 
in a district might determine through the intervention first of 
mice and then of bees, the frequency of certain flowers in that 
district.** 

Other aspects and problems of field natural history, of the 
kind mentioned above are malaria infection carried by the bites 
of mosquitoes and sleeping sickness spread by the bites of 
the tsetse flies ; the activities of earthworms in the soil ; 
the activities of animals and insects that are enemies of crops, 
timber and other resources ; the conservation of game and of 
marine fisheries ; and the control of numerous insect pests. 

Among the social insects many excellent examples of animal 
behaviour may be found, and there are also many observa- 
tions and experiments which have been carried out and put 
on record by numerous students working on these creatures. 
The communities of the social insects, especially of the ants, 
termites, bees and wasps, also show similarities in various 
respects to the society of mankind. 

HOW THE INSECT BUILDS UP ITS SOCIETY 

T here are, of course, examples of social life, or a tendency 
towards it, in other animals besides man, such as in wolves, 
for instance, hunting in packs ; in beavers living in communi- 
ties ; and in the baboon community on the Rock of Gibraltar. 
There are also other social, or partly social, insects besides the 
four families before -mentioned. Examples are the bark- 
beetles, lady-birds in hibernation, and also some tropical 
spiders. It is evident that evolution has taken a very long 
time to produce the insects who lead a permanent social life 
and it is also clear that they are descended from solitary forms. 
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Wheeler has given a series of seven stages by which social life 
may have been built up, and the series may be quoted with 
advantage here: 

1. The insect mother merely scatters her eggs in the general 
environment in which the individuals of her species normally 
live. In some cases the eggs are placed near the larval food. 

2. She places her eggs on some portion of the environment 
(leaves, etc.) which will serve as food for the hatching larvae. 

3. She supplies her eggs with a protective covering. This 
stage may be combined with (i) or (2). 

4. She remains with her eggs and young larva; and protects 
them. 

5. She deposits her eggs in a safe or specially prepared 
situation (nest) with a supply of food easily accessible to the 
hatching young (mass provisioning). 

6. She remains with the eggs and young and protects and 
continuously feeds the latter with prepared food (progressive 
provisioning). 

7. The progeny are not only protected and fed by the mother, 
but eventually co-operate with her in rearing additional 
broods of young, so that parent and offspring live together 
in an annual or perennial society. 

Having reached this stage, let us consider some of the many 
interesting problems to be found among the social insects. 
For this purpose we will take the wasps first ; next, the ants, 
about which, perhaps, the most is known, and on which the 
most work has been accomplished ; and then we will consider 
the termites. 

THE WASP COLONY AND ITS GUESTS 

T he social wasps themselves have been evolved from various 
primitive solitary wasps. One of the most striking pheno- 
mena which wasps possess in common with ants is the 
mutual exchange of food between the mature wasps and their 
grubs. This can be more easily observed in wasps kept in 
captivity than in other social insects. 

After a worker wasp has given chewed-up pieces of insects 
to the grubs, she then imbibes drops of a saccharine liquid 
which the grubs let fall from their mouths. Sometimes, how- 
ever, she demands this secretion when the grubs have not been 
fed, and should the latter not respond at once, she will gently 
bite their heads to force them to produce this salivary fluid. 
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Both male and queen wasps are very fond of this secretion ; 
in fact, the larvae appear to be rather exploited, often having 
to give more nutriment than they receive, and this has been 
said to help to produce the worker caste, that is, imperfectly 
developed females. 

THE WASP AND THE HONEY-POT: AN EPIC OF PERSEVERANCE 

W ASPS devour a quantity of insects, but are also fond of 
sweets, nectar from flowers and honey. They can be 
seen to eat a little meat in butchers* shops, but they are useful 
to the butchers, as they catch “ blue-bottles,** cutting off their 
heads and wings and flying away with their spoils back to their 
nest. They have a very good memory and will fly long distances 
from the nest in search of food and chewed wood which 
they scrape off posts and trees, to make the paper with which 
they construct the nest. The present writer made observations 
on a wasp which visited his study for ten days to obtain honey 
from a pot kept on his table for the benefit of his ants. 

Whilst writing at the study table, he noticed a worker wasp, 
which had come in at the window, hovering over and flying 
down into the small jug containing the honey. Only a small 
quantity of honey was left at the bottom of the jug, and the 
wasp had to go right down to the bottom to get at it. It was 
found that the wasp came back on and off to the honey, so the 
writer determined to put down the times of its arrivals and 
departures. It was found to come regularly from August 22nd 
to September 9th, after which date it was seen no more. 

It started coming as soon as the study window was opened 
in the morning. Seven thirty a.m. was the earliest time noted, 
and seven-thirty-six p.m. was the latest departure before the 
window was shut. The time the wasp spent at the honey 
varied considerably, but the time between its departures and 
its return was mostly about seven minutes. It was very 
nervous at first, and the least jar of the table, or a shadow 
cast over the honey-pot, caused it to fly off ; but eventually 
it got quite tame and did not fly away even when the honey- 
pot was moved about. 

When it left the honey, it flew straight out of the window 
across the garden, and over some trees at the bottom of the 
garden, but when returning, it was more deliberate, entering 
the window with a “ buzz ’* and circling over the honey- 
pot before dropping into it. In the morning it was generally 
waiting outside for the window to be opened, when it entered 
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at once ; and on several occasions it continued to come 
during heavy rains. The following is the time-table kept for 
one day, which shows the wonderful industry and the perse- 
verance of the brave little creature. 


Arrival 

Departure 

Arrival 

Departure 

7.43 a.m. 

7.55 a.m. 

2.26 p.m. 

2.37 pjn. 

8.8 

8.20 

2.46 

2.54 

9 25 

9-33 

3-1 

3-10 

9.41 

9 55 

3-19 

3-28 

10-5 

10.16 

3-35 

3 44 

10.21 

10.30 

3-51 

4-0 

10-35 

10.43 

4-4 

4.20 

10.50 

I I.O 

4.28 

4-35 

11.7 

11.20 

5-0 

5-9 

11-35 

11-45 

5-15 

5 26 

11.52 

12.3 p.m. 

536 

5-45 

12. 1 1 p.m. 

12.22 

5-53 

6-5 

12.35 

12.44 

6.12 

6.24 

12.49 

1.0 

b.31 

6.42 

1-9 

1.19 

6.49 

6.59 

1.30 

— 

7-9 

7.16 

2.5 

2.17 

7.25 

7-36 


Where there is a long interval in the records, the observer 
was either out of the room or at meals. 

Colonies of the chief social wasps are each started by one 
fertile female which has passed the winter in hibernation. In 
the spring she starts a small nest of a few cells made from the 
paper mentioned above and lays eggs in them. The nests 
may be built in the ground, in hollow trees, or hanging on 
branches. When the workers hatch, they help to increase the 
size of the nest and to bring up the brood. Later in the sum- 
mer, males and females are brought up, and, after mating has 
taken place, which is generally late in the year (we have noticed 
it as late as November), the whole colony perishes, except tor 
the fecundated females which go into hibernation. 

WASPS WHICH TAKE IN YOUNG BOARDERS 

D uring their journeys after food, wasps must come in 
contact with many different organisms and surroundings ; 
but in their nests, they also become associated with other 
creatures which seek out these nests and live with their inmates 
as scavengers, messmates, or parasites. There are two para- 
sitic species among the social wasps which have lost the worker 
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caste, and their males and fertile females live in the nests of 
wasps which possess workers. The latter feed them, and bring 
up their brood, treating them in the same way as they do their 
own. Some small beetles which live in wasps* nests and feed 
upon the paper and debris in them are confined to special 
types of nests. Thus one species only occurs in nests in the 
ground ; another in the nests of wasps and hornets built 
in trees. » 

The large rove beetle, which bears a superficial resemblance 
to the well-known “ Devil’s coach-horse,” lives in hornets* 
nests, where it lays its eggs and where its larvae are bred. It 
is not harmful to the hornets, as its larvae feed on rejectmenta, 
dead hornet grubs and other refuse in the nest. It is nocturnal 
in its habits, and, with the aid of a dark lantern, the writer 
has seen it at night fly to and enter a hole in a hollow birch 
tree inhabited by a colony of hornets. 

There is a bright metallic blue tropical species which lives 
a similar life in the nests of a small but populous species of 
bee. One of the parasites lays its eggs in wasp grubs, and its 
larva hatches in the grub’s body. It is careful not to destroy 
the wasp grub until the latter has assumed the pupal state. 
Then it devours the hind body of the pupa completely, and 
makes a cocoon in its place at the bottom of the cell which 
contained the wasp grub. It leaves the head and thorax of 
the grub, which retain their shape but present a rather ghostly 
appearance as a lump of colourless jelly. 

There are certain fly larvse, some of which are covered with 
spines, which act as scavengers in wasps’ nests. The perfect 
fly of one of these, which is not unlike a honey-bee superficially, 
boldly enters its hosts’ nest to lay its eggs. Its larvae are bred 
in the debris at the bottom of the nest. 

**A CUCKOO IN THE NEST’*: THE BEETLE’S 
SUBTLE PLAN OF LIFE 

F inally mention may be made of the wasps* nest beetle par 
excellence, whose interesting life-history is briefly as follows. 
The eggs are laid by the parent beetle in the autumn in cracks 
of bark and crevices of rotten wood in places where it is likely 
wasps will come to collect their wood-pulp. The only point 
that is not quite cleared up is whether the eggs hatch in the 
autumn and the larvas hibernate in suitable hiding places, of 
whether they pass the winter in the egg state and hatch in 
the spring. The beetle has been induced to lay eggs in cap- 
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tivity, but the eggs never hatched ; also it often happens with 
experiments that males and females are not caught or bred at 
the same time, and thus the fertility of the eggs is not assured. 

The young larvae when first hatched are little active black 
mites with six legs. As soon as the wasp approaches the hiding 
place of the little larvae to obtain the paper for its nest, which 
it does by scraping the surface of the wood with its jaws, the 
beetle larva attaches itself to it and is carried by the uncon- 
scious wasp to its nest. It will thus be seen that there must 
be an enormous amount of mortality among the larvae in the 
cases where no wasps come to the tree, post, or fence where 
they lie hidden. But no doubt the female beetles lay a great 
number of eggs to counterbalance this, as do the oil beetles ; 
the larvae of the oil beetles mount flowers and wait for a bee 
to come and carry them away to its nest. 

On reaching the wasps’ nest our little larva at once bores 
into a wasp grub, and there lies bathed in its body fluids. The 
wasp grub is generally half-grown when the larva enters it. 
The larva should be looked for in the flank of the third or 
fourth abdominal segments, and as it is of a black colour it 
can be seen through the transparent skin of the wasp grub. 
It remains in the body of the grub until the wasp grub has 
closed the entrance to its cell with the usual silken cap. It 
now bores its way out of the wasp grub, changing its skin as 
it does so, and leaving the old skin as a plug to the hole through 
which it. made its escape. 

At this stage it is a fleshy, worm-shaped larva without any 
legs, and lies like a collar round the neck of the wasp grub. 
For a time it only sucks the juices of its victim, but eventually 
devours it altogether and changes to a pupa in the cell intended 
for the unfortunate wasp. When the silken cap of the cell is 
removed, the beetle is often found ready to emerge, and 
several beetles are often discovered occupying cells close to 
each other. When it has emerged from the cell, the beetle 
immediately leaves the nest, and probably dies as soon as the 
duties of paternity or maternity have been performed, since 
it is very rarely found outside the nest. It has, however, been 
taken on flowers and from under bark. 

The WTiter has seen it leaving a nest, and also running across 
the root of a tree. Lacordaire recorded it at the sap of trees ; 
but in this case it was probably a female beetle laying eggs, 
and as the mouth-parts are more or less rudimentary, it is 
doubtful if the beetle does much, if any, feeding in the perfect 
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State. There is a larger race of this beetle which feeds on 
the larvae of the queen wasps, but the majority only feed on 
the worker larvae. 

THE AMAZING SOCIETY OF THE ANTS 

I T may be convenient to consider briefly what ants are before 
dealing with their habits and their association with their 
surroundings and with other animals. Ants are all social 
insects and are polymorphic, that is, each species consists of 
several quite distinct castes. Except in certain parasitic species 
they are generally trimorphic, that is, they consist of three 
castes : (i) the male, usually winged ; (2) the fertile female, 
or queen, usually winged until after fertilisation, when the 
wings are shed ; (3) the more or less sterile wingless female, 
or worker, quite different from the queen. In many species 
the worker caste is divided into {a) soldiers, {b) workers, 
differing much in form, the soldiers often having the head 
and jaws disproportionately developed ; and these sub-castes 
may be further subdivided. 

Ants have complete metamorphosis, that is, the egg, larval, 
pupal and adult stages are quite distinct. The larvae are legless 
maggots. The pupae are either naked or enclosed in a cocoon. 
The objects popularly spoken of as “ ants' eggs " are really 
the cocoons. Ants occur everywhere, from the outskirts of 
the Arctic regions to the Tropics ; from the timber line of 
the highest mountains to the plains and deserts ; in forests, 
nesting up in the highest trees, and in swamps ; underground 
and in caverns ; in cultivated places, fields and gardens ; in 
towns ; in hot-houses and even in houses. 

ANTS THAT HUNT AND TEND THEIR FLOCKS 

T heir habits are very varied, and it has been suggested that 
they present a curious analogy to the hunting, pastoral, 
and agricultural stages in the history of human development. 
Some of them, for example, live chiefly on the produce of the 
chase, probably retaining the habits formerly common to all 
ants. They live the lives of the lower races of man, subsisting 
mainly by hunting. Dwelling in small communities, collective 
action is little developed, and they hunt and conduct their 
battles singly. Others live a higher social life ; they are skilful 
in agriculture and have domesticated certain plant lice ana 
beetles. They are thus comparable to the pastoral peoples 
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QUEEN ANT AND HER OFFSPRING 

There are four distinct stages in the life of the ant — eggy larval ^ 
pupal and adult. Of the adults^ only the male retains wings 
throughout life. The fertile female or queen normally sheds 
them when she has laid her eggs ; the workers or sterile females 
are wingless. 

who live on the produce of their flocks and herds. They live 
in large communities and they know how to act in combina- 
tion both in war and peace. Finally the harvesting ants 
and mushroom growers are comparable to the agricultural 
nations. 

There are now no solitary ants, though the social ants are 
descended from solitary ones. The stages of the racial develop- 
ment of ants are as follows: 

1. A pre-social stage with a single kind of male and female. 

2. A social stage with a single kind of male and female, but 
the nesting and nursing instincts have developed. 

3. A social stage with one kind of male and two or more 
kinds of female, ^1 fertile, but those that build and hunt for 
food are becoming less fertile. 

4. The present stage with usually one kind of male, a fertile 
form of female, and one or more so-called “ sterile females or 
workers. These workers, however, are fertile with sufficient 
frequency to maintain (principally through the male) a repre- 
sentation of their characters in the germ plasm of the species. 
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more all the necessary labours for the founding of a new colony, 
although she may have lived for years in her old nest, doing 
little except laying eggs and being fed and cleaned by the 
workers. In the case of Group I, an old queen will construct 
a new cell, lay eggs, and bring up her first brood as before ; 
and one belonging to Group II will, if introduced into a nest 
of the host species, act in the same manner as she did when 
she was a young fertilised female. 

Having given this general account of what ants are, and how 
they found their colonies, we will consider more closely a few 
of the very many striking facts in connection with their asso- 
ciation with other animals, and with their environment. 

ANTS THAT ARE FOOD STORES FOR THEIR FELLOWS 

T he true honey-ants live in Mexico and in the south-west 
of the United States and have long been esteemed as an 
article of food by the Indians. The best-known species is 
“ The Honey-ant of the Garden of the Gods ** — the Garden 
of the Gods being a place near Manitou, in Colorado. It may 
be as well before dealing with its dwelling-place and habits 
to consider what a honey -ant is and why it is so called. Many 
ants are in the habit of collecting honey-dew and storing it in 
their crops, which become distended. When they reach home, 
they feed their brood and the rest of the colony by disgorging 
the sweet liquid. Ordinary ants may often be seen returning 
home with the abdomen much distended. 

Now in the honey-ants this habit has been developed until a 
class of workers has been produced which are called “ repletes.*’ 
Their bodies are enormously swollen ; in fact, they are literally 
honey-pots. The size and rotundity of the abdomen are due to 
the crop, and not to the stomach. The former, being filled with 
honey, forces back all the other organs against the walls of 
the abdomen, which are stretched to their utmost capacity. 

The ordinary worker is a quick and graceful creature, but 
the “ repletes ” or “ honey-pots ” are only able to waddle 
along. The replete form is confined to certain workers, and 
these are only formed when they are callows, that is to say, 
when they are newly hatched from the pupa into which an 
ant grub changes before it becomes a perfect insect. At this 
stage, the covering of the body is soft, but when the ants get 
older it becomes hard and they are unable to be formed into 
“ honey-pots.*' This has been proved in observation nests in 
captivity, the callow being fed with maple sugar and other 
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sweet liquids. The callows greedily devour these foods, and 
some of them become semi-repletes, whilst others acquire the 
complete rotundity of genuine honey-pots. 

It is chiefly the larger workers that act as honey-pots, but 
the smaller ones sometimes play this part. The “ honey-pots ** 
never leave the nest but store the sweet liquid fed to them by 
the other workers which go out to forage for food. In return 
they disgorge some of their store when the other workers wish 
to be fed. They are thus the living casks, or barrels, of sweet 
stuff, kept by the ant colony as a store in time of want. They 
live a quiescent life, hanging to the roofs of the subterranean 
chambers of the nest. They can move about a little, but 
should they fall from the ceiling, they are unable to return 
to their former position without assistance. 

There are often as many as three hundred “ honey-pots ” 
in the chambers of a large colony. The nests are found on the 
top of the stony ridges in the Garden of the Gods and in other 
suitable localities. The large circular entrance to the nest is 
in the centre of a cone-shaped crater composed of small 
pebbles. A gallery goes down into the ground and is divided 
into smaller ones. These lead to underground chambers which 
have smooth, flattened floors and rough vaulted ceilings. The 
“ honey-pots ” hang from these ceilings side by side, and the 
irregularity of the roof enables them to hold on by their claws. 

The workers are nocturnal in their habits, and do not go 
out during the day. A guard, however, is set at the doors of 
the nest to prevent other ants, or spiders, etc., from forcing 
an entrance. About half-past seven in the evening, the workers 
leave the nest and visit the thickets of slim oaks which are in 
the neighbourhood. The twigs of these oaks are covered by 
roundish galls caused by a small four-winged insect, and at 
night these galls exude drops of a sweet, watery fluid. These 
drops are eagerly sucked up by the foraging ants, and when 
they return home they feed the repletes with the contents of 
their crops. The galls probably provide only a portion of the 
ants’ food, and no doubt a large quantity of their honey is 
obtained from the scale insects and plant lice which occur on 
the oaks and on other plants in the neighbourhood. 

INSECTS THAT SELL THEIR SERVICES TO ANTS 

T he relationship between ants and other creatures with 
which they associate, or which associate with them, is of 
two kinds — active and passive. In the first instance, the ants 
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actively seek out their guests ; in the second, the ants are them- 
selves passive, and are sought out by their guests. As instances 
of the former, one may mention the relationship between ants 
and plant lice, scale insects, the caterpillars of the blue butter- 
flies, etc. The ants milk and obtain a sweet and nutritious 
secretion from these creatures, and in return the latter obtain 
protection from enemies and often shelter as well. 

The ants seek out these guests on their food plants, and some 
they bring back, keep and rear in their nests. One of the most 
important items in the menu of ‘many kinds of ants is obtained 
from plant lice. They are insects which possess a long, delicate 
rostrum with which they pierce the integument of plants and 
suck up their juices. They are well called “ ant cows,*’ as ants 
both milk and breed them, keeping them in herds and build- 
ing sheds for them, and walls to protect them. The liquid 
which the ants obtain from these “ cows ” is voided in colour- 
less drops, and contains a fair proportion of sugar. When 
voided on to the leaves of plants, it is called “ honey-dew.” 
Some species of ants lick it off the leaves, but others actually 
milk the plant lice. They stroke them with their antennae, 
when a droplet is exuded, which the ants suck up. 

Many of the plant lice possess two tubes which are situated 
on the top of the back near the end of the body. It has been 
incorrectly stated that it is from these tubes that the droplet 
is obtained, and indeed many textbooks on entomology repeat 
this error. It is, however, from the extremity of the body that 
the sweet secretion is supplied. The tubes contain a thicker 
and more sticky substance, and this is used by the “ cows ” 
to protect themselves from the “ aphis-lion,” the larvae of the 
lady-birds, and other insects which prey on them. 

HOW THE ANTS BRING UP THEIR ** COWS ’* 

S OME ants collect the eggs of plant lice when laid and keep 
them in their nests during the winter. When the eggs 
hatch, the ants carry the young plant lice out of the nest and 
place them on their proper food plants. These eggs, which 
are covered with a thick, black membrane, may often be found 
in large numbers in ants* nests. Of the underground species 
which live on roots, many are only found in ants’ nests, and 
some of the yellow subterranean ants live exclusively on the' 
excreta of root aphides. When winged forms of these species 
are hatched in the nests, the ants clear a way for them to 
allow them to escape into the open. 
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When an ant’s nest which contains subterranean aphides is 
disturbed, the hosts will be seen to pick up the “ cows ” and 
carry them down the galleries into safety. A large grey species 
with a long rostrum lives under bark in company with a brown 
tree-ant. It generally has the end of its very long proboscis 
buried in the wood of the tree, and it is with considerable 
difficulty that it can be removed without breaking the pro- 
boscis. However large they may be, when tliere is danger, 
the ants drag and jerk at them unmercifully to make them 
leave go so that they can be carried off into safety. Plant lice 
produce vast quantities of “ honey-dew,” and it is not 
surprising that ants should have found out their value, and 
utilised them as cows. 

Let us now consider the case of the “ Honey Caterpillars,” 
the caterpillars of the “ Blues ” (Blue butterflies) which are 
attended by ants all over the world. The ants milk the 
caterpillars as they do plant lice, attending them on flowers 
or leaves where they may be feeding. The caterpillars 
possess an unpaired gland in the middle of the back of the 
eleventh segment, which can be protruded through a trans- 
verse slit. I’he ants caress the posterior end of the caterpillar 
with their antennae until it emits from the gland a droplet of 
colourless sweet liquid which is eagerly imbibed by the ants. 

The benefit gained by the relations between the larvae and 
the ants is marked, for the latter obtain a sweet secretion, of 
which they are very fond, and the caterpillars are protected 
by the ants against their natural enemies. Some of the 
caterpillars are carnivorous and feed on the ants* aphides and 
scale-insects, and even in some cases on the ants’ brood. An 
Indian species, when it is in the butterfly stage, attends 
aphides, stroking them with its long front feet, and sucking 
up the secretion emitted with its proboscis. These observa- 
tions suggest the existence of three-cornered relations between 
ants, the “ Blues ” and plant lice. 

The caterpillar of the “ Large Blue ” is an instance of the 
caterpillar feeding on the brood of its hosts. The caterpillar 
feeds on the wild thyme, and when it leaves its food plant, 
it wanders about until it meets, or is met by, an ant. The ant 
will then probably milk it, or perhaps other ants may come 
up and do so. But it is always the ant that finds the larva 
first which carries it into the nest. 

After milking the caterpillar, the ant walks round about it, 
and eventually some sort of signal is given by the ant, or by 
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the larva, when the latter hunches itself up into an extraordinary 
shape — the head is much retracted, the middle of the back 
swells up, and the posterior part becomes very narrow in 
consequence — ^and the ant seizes it about the middle and 
carries it into her nest. There the caterpillar does not appear 
to attract much attention ; it seeks the chamber where the 
ants* brood is thickest and rests among them. It devours 
very many of the ants* larvae and grows very rapidly. When 
full grown it spins up, pupates in the galleries of the nest, 
and the perfect butterfly emerges in June. 

THE MENACE OF THE UNINVITED GUEST 

A RELATIONSHIP wherein the guest is uninvited and merely 
tolerated by the host is the truer form of insect hospitality, 
and is more in the nature of parasitism, often being harmful 
to the hosts. When the guests seek out the ants, they may be 
friendly, indifferent, or actually hostile to them. They live in 
the nests for many different reasons ; for protection, shelter, 
warmth, or food. Some feed on the ants themselves, or on 
their brood ; others live on the excreta, food or prey of their 
hosts. They are always seeking their own advantage, although 
at the same time they may supply a sweet secretion of which 
the ants are fond, or they may act as scavengers in the nests. 
I'he following biological division of the regular ants* guests 
may be noted: 

I . The True Guests: these receive true hospitality from their 
hosts, being fed or licked, or both fed and licked, by the ants. 

2. Indifferently Tolerated Lodgers, which are tolerated for 
various reasons, and stand in many kinds of different relation- 
ships to their hosts. 

3. Hostile Persecutor Lodgers, living as beasts of prey and 
murderers in and near the nests, and devouring their hosts 
or their brood. 

4. Outer and Inner Parasites living and feeding on, or in 
the ants, their brood, or their guests. 

As an example of a “ true guest,** we can select a beetle 
which passes its whole life in the home of its hosts, the blood- 
red, slave-making ant. The beetle is fed by the ants and 
supplies them with a sweet secretion which exudes from 
small orifices in the segments of the hind body. It is reddish 
brown in colour, with tufts of golden hair covering the places 
from which the sweet fluid springs. When it wishes to be 
fed, it taps an ant with its antennae in the same way that one 
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ant does to another when asking for food, and the latter feeds 
it from its crop. 

A near relation of this beetle, also a true guest, has gone a 
step further. It not only uses its antennaj when supplicating 
its host, but also strokes the ant’s cheek with one of its front 
legs, which is what an ant would do under these circum- 
stances. The beetle can also feed itself, for when kept in 
captivity in observation nests it has been seen to bite at 
dead ants and to suck caterpillars and other creatures given 
to the ants as food. 

This beetle is not very ant-like in appearance when examined 
by itself, but when it sits among a lot of its hosts — and it 
is always found where the ants are thickest — it becomes 
practically invisible. The reason for this is that the light 
which is reflected from the concave sides of the thorax of the 
beetle appears to the eye like the narrow back of an ant,, and 
the rolled-up hind body of the beetle reflects the light in the 
same way as the rounded hind body of a fat ant. 

When their hosts change their nest or move from place to 
place, these beetles move with them. They can also fly, as 
they possess ample wings, wrapped up under their short wing- 
cases. I'he courtship takes place in May, and the female, who 
is viviparous (i.e. brings young larvae direct into the world), 
deposits her offspring on the egg-masses of the ants. I’he 
young grub proceeds to feed on the brood of its hosts. The 
ants not only feed it by mouth (this can be proved by feeding 
the ants with honey coloured red or blue, w'hen the colour 
can be traced in the intestinal canal of the little larva through 
its transparent skin), but they place it on their own larvae. 

The beetle larva is very like that of the ant, and though 
it possesses six short legs, it does not use them, but imitates 
the behaviour of an ant larva. The ants pay it the greatest 
attention and when danger threatens the nest they carry it 
first into safety. It is extremely voracious and devours large 
quantities of the ants* grubs. The larvae change to pupae in 
the galleries of the nest, and they are often killed by the ants 
carrying them about as they do their own cocoons. This 
serves to keep the beetles in check. 

THE INDIFFERENTLY TREATED LODGERS 

T here are very many species of indifferently treated lodgers, 
with many different habits ; many act as scavengers ; some 
pass their whole lives in the nests of their hosts ; others pass 
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only the earlier stages there. A certain beetle, which is super- 
ficially like a lady-bird in appearance, is an example of the 
latter case. The perfect insect is found on trees and shrubs 
overhanging and near the nests of the “ Wood-ant ” which 
builds its hillocks of pine needles, etc., in pine and other 
woods. It also occurs on the wing in the neighbourhood, 
often in company with a large lady-bird, both species resem- 
bling each other. 

Its life-history is briefly as follows. The beetle seeks a 
tree or shrub above or close to the wood-ants* nest and drops 
her eggs on to the ground beneath. Each egg is covered by a 
case, or capsule, which is formed around it by the female 
and consists of her own excreta. This covering is placed in 
position with the hind feet, the egg being held in a depression 
of the abdomen. The covered egg exactly resembles a small 
bract, and is also exceedingly like the end of a birch catkin. 

The ants pick up the covered egg and carry it into the 
nest. The larva, which hatches in about twenty-one days, 
uses the egg-covering as a nucleus on which to build the 
larval case, and while very young carries it about fixed to the 
posterior end of the case. The egg-case has a threefold raison 
d'itre — ^to protect the egg and newly hatched larva, to attract 
the ants by its resemblance to a bit of useful vegetable refuse, 
and to give the larva a foundation on which to start the larval 
case. When the larval case grows larger the egg-case may be 
found embedded in it ; or it may be broken off. If this should 
happen the larva fills up the hole with the same material as 
that with which it builds the rest of the case. This material, 
which it prepares with its jaws, consists of its own excreta 
mixed with earth. 

To enlarge the case the larva removes particles from the 
inside and plasters them on to the outside. The object of the 
case is, of course, to protect the larva from the ants. The larva 
feeds partly on vegetable refuse in the nest, but also on the 
droppings and pellets of the ants. During its moults the larva 
fastens the case to some object in the nest. When full grown 
it fixes the case to a piece of wood, or tvig, and turning 
completely round changes to a pupa with its head facing the 
broader end of the case. The perfect beetle emerges from 
the case by biting a circle inside it and thus forming a de- 
tachable cap, which it forces off. After this, it escapes from 
the nest. It then seeks a mate and the courtship takes place 
on trees, etc., near the “ wood-ants* ** nest. 



THE AMAZING SOCIETY OF THE ANTS 


^53 


SINISTER GUESTS THAT ROE AND KILL 

T he Hostile Persecutor Lodgers are mostly beetles with 
short wing cases ; some are ver}' like their host ant, and 
arc confined to one host ; some have two hosts and live with 
one species in the winter and early spring, and with the other 
in the summer. All these beetles prey upon ants, lurking in 
the “ runs ** of their hosts, and in corners ot the nests, and 
falling upon and murdering solitary individuals. When dis- 
turbed they curl up and pretend to be dead, remaining motion- 
less for some time. They are also protected by well -developed 
repugnatorial glands, which emit a gas or vapour possessing 
a strong, pungent smell. If a beetle is attacked by an ant it 
pokes its tail in the ant’s face and gives off this vapour, when 
the ant falls back and the beetle is unhurt. 

As an example of an Outer Parasite the larva of a little fly 
which lives in the colonies of an ant in Texas may be mentioned. 
Its small larva clings to the neck of an ant larva by means of 
a sucker, and encircles its host like a collar. Whenever the 
ant larva is fed by the workers the fly’s larva uncoils its body 
and partakes of the feast. Sometimes, when there is no food 
in reach, the larva will tweak with its sharp little jaws the 
sensitive hide of a neighbouring ant larva, or even its own host, 
till the ant larv'a squirms, and by wriggling incites the worker- 
ants to bring a fresh supply of food. When the ant larva spins 
its cocoon it encloses the fly larva within its web. The fly 
larva pupates beneath the host, but the host hatches first, 
and the apparently empty cocoon is thrown on the refuse 
heap. The fly emerges from its puparium and escapes from 
the cocoon by the opening made by its host. 

There are also a number of curious mites which attach 
themselves to different kinds of ants’ bodies. In connection 
with this it is very interesting to note that two specimens of 
an ant, closely related to a living species, have been found 
in the Baltic amber, each of which bears a large mite attached 
to the ventral side of the base of the left hind shank. The 
close similarity in the position of the two specimens suggests 
that these mites had already acquired the habit, so remarkably 
developed in some of the recent species, of attaching them- 
selves to very definite regions of the hosts* bodies. 

The mites called “ antennae bearers ** are very good ex- 
amples of this. They exhibit most interesting parasitic 
relations with their hosts. They are partly true guests as 
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they are fed by the ants, and partly outer parasites as they 
are always attached to the ants* bodies. The feet of the three 
pairs of hind-legs are provided with suckers, with which the 
mites can hold very tightly to the ant, and are not easily 
dislodged. They wave about their long pair of legs, which 
are directed forwards, and look like antennae. 

The usual position for these creatures is on the chin of the 
ant. Sometimes, however, two or more will be found resting 
on a single ant. The positions taken up are either on the chin 
and forehead, or on each side of the head, or on the hind 
body. They are always arranged symmetrically in order not 
to upset the ant’s centre of gravity. Six specimens may, very 
rarely, be found attached to one ant, when they fix themselves 
as follows : one on each side of the head, one on the chin, 
one on each side of the hind body, and one on its upper side. 

When a mite resting on the ant’s chin wishes to be fed it 
scrapes the mouth of the ant with its front legs, and the ant 
disgorges a drop of fluid, wliich the mite sucks up. These 
mites are often fed by other ants besides the one on which 
they happen to be. They will solicit another ant for food 
and the ant immediately feeds them. When an ant which 
bears a mite is fed by one of its fellows the mite leans forward 
and shares in the meal . These mites often transfer themselves 
to the young callow ants soon after they have emerged from 
their cocoons. The callows often try to get rid of them, 
falling on their backs, rolling on the ground, and rubbing their 
chins against anything handy. The mites, however, dodge 
about on the ant’s body out of harm’s way, and eventually 
the callow becomes reconciled to its fate. 

Besides the four-winged parasites, and certain flies (two- 
winged creatures) which lay eggs in an ant’s body where 
their young are reared, the nematode worms are the best 
examples of inner parasites. Some of these worms live in 
the glands in the head of ants, others in the abdomen. Those 
worms which live in the crops of the larval, pupal, and adult 
workers of certain foreign ants, produce a great distension of 
the host’s abdomen in the adult stage. They enter the larvae 
and by unduly stimulating their appetites cause them to be 
fed to excess so that they grow very large and a gigantic 
worker form is produced, having various female characters. 

It is a larval form of the worm which enters the ants’ larvae. 
Sometimes the worms emerge from the host after death, when 
they bore out through the lower part or end of the hind 
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body. They cannot emerge and live on dry ground, but on 
very wet ground they quickly emerge and bore into the earth. 
This accounts for the presence of parasitic colonies living on 
or near damp places. As many as two worms will sometimes 
be found in the abdomen of a single ant. When the worms 
become adults, which takes place some time after leaving the 
host’s body, very many eggs are formed — sonie twelve thousand 
for each worm — and are laid in the larval skin of the worm. 

ANTS THAT USE THEIR YOUNG AS SEWING-MACHINES 

A nts in four different genera have developed the habit 
of using their larvae, literally, as sewing-machines, to 
construct their nests. The first mention of these nests in litera- 
ture is to be found in Captain Cook's Voyages. He observed 
the nests of one of these ants in the branches of the mangrov^es 
in Northern Queensland, Australia. The passage, of course, 
only refers to the nests and not to how they were constructed. 

Nests are made in the following way. The ants select a 
cluster of leaves, and pull them together in a very ingenious 
manner. Ants stretch across the gap between two leaves, and 
catching the edge of one with their jaws and of the other 
with their back legs, they pull them together until they meet. 
Whilst some of the ants hold them together, other ants appear 
with their larv^ae in their jaws and apply them to the edges of 
the meeting leaves. Whenever the larva touches the leaves it 
deposits a thread of silk. The ant moves it from side to side, 
touching it against first one leaf and then the other, and thus 
the leaves are stitched together. The process is repeated w^ith 
other leaves until the nest is completed. 

Small nests occur, but the largest may be nearly as big 
as a football. Inside, the nest is divided into compartments 
made with leaves and silk, and contains the ants’ brood, 
workers, sexes and prey. These ants also construct “ cattle- 
sheds ” of a few leaves to house their scale insects, etc. When 
a queen founds a colony she lays her eggs in a curled-up 
leaf and uses the larvae, when they hatch, to spin together a 
few leaves and thus start a nest. They kill and devour large 
quantities of other insects, stretching them to death. 

These ants possess long waists and hold on to each other 
by them to form chains to stretch over large gaps. It has 
been suggested that their long waists have developed as a 
result of their habit of stretching across gaps. This theory is 
strengthened by the fact that the species found in the Baltic 
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amber have a considerably shorter waist than the specif 
existing at the present time. The writer also found this to 
be the case in the fossil specimens from the Gurnet Bay 
deposits on the Isle of Wight. 

ANTS THAT GROW MUSHROOMS AND CARRY ** SUNSHADES '* 

T here are a certain number of ants which are mushroom 
growers, and use cut-up leaves as a substratum on which 
to grow the fungus. Some are called “ parasol ants on 
account of the habit they have of carrying the large round 
pieces of the leaves they have cut off trees over their heads, 
when they return with them to the nests. The excavations 
for these nests are very extensive. Chambers are constructed 
deep down in the ground, one above the other but with some 
little distance between them, and they are connected by tunnels 
and galleries. 

The mushroom gardens are usually grown on the ground 
of the chambers, but in some cases they are hung from the 
roofs. The fungus garden consists of a mass of chewed-up 
leaves covered with a white fungus. It looks like a number of 
tufts of wool. The ants do not allow the hyphae of the fungus 
to grow to mushrooms, though if left alone, the fungus will 
become an ordinary-looking common mushroom. The hyphae 
are only allowed to produce small, round, white gro^^s 
called bromatia, and on these the ants feed exclusively. 

All the different species of mushroom growers cultivate a 
different species of fungus ; no other species is allowed to 
grow. It is only the smaller workers who cut up the leaves 
in the nests and cultivate the bromatia. The larger workers 
go out along regular paths to shrubs and bushes which they 
mount, and snip out with their sharp and powerful jaws 
large circular pieces from the leaves, often entirely defoliating 
a tree. For a long time it was uncertain what use the ants 
made of the leaves. It was suggested that they were used to 
thatch the roofs of the underground nests, or even as food. 
Belt, in Nicaragua, was the fet to discover that their real 
use was as manure on which to grow the fungus gardens. 


FOUNDING A COLONY: HOW THE VEGETABLE GARDEN 
IS SOWN 

T he colonies of these ants often consist of very large 
numbers of individuals. A colony is founded by a young 
fertile female in this way. After the marriage-flight she 
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removes her wings and constructs a small underground cell. 
She then spits out the pellet from her infra-buccal pocket. 
This pocket is a spherical cavity situated below the pharynx, 
and forms a receptacle for the solid and serni -solid parts of 
the food rasped off by the ant’s tongue, and also for foreign 
matter scraped off the ant’s body by its tongue and strigils 
(the spurs on the front legs). Any juices that remain in these 
substances are extracted and sucked into the pharynx, the 
residue being ejected in the form of a solid bod\, the pellet, 
which retains the shape of the infra-buccal chamber. 

After this pellet has been ejected it must still contain a 
considerable amount of nutritious matter, for it forms the 
chief, if not the only food of the larvae of a genus of flies and 
also part of that of some beetle larvae. Moreover, Wheeler 
discovered that in the larvae of all four genera of one of the 
sub-families of ants the swollen front or ventral portion of tlie 
first abdominal segment, just behind the mouth, forms a pocket 
in which the workers place the pellet from their own infra- 
buccal chambers. No other ants have been observed to feed 
their larvae in this way, but eventually spit the pellet out. 

The pellet in this instance contains hyphac of the fungus, 
some of the substratum of chewed-up leaves, the scrapings 
from the female’s body, etc., and with it she prpceeds to 
cultivate a small fungus garden, manuring it with her faeces. 
She lays eggs, some of which she breaks up and plasters 
over the mass ; others are allowed to hatch in it. The 
young larv'ae, when hatched, feed on the fungus growth, and 
eventually pupate. When the young workers emerge they 
tunnel through the earth of the cell to the open air, and 
collect pieces of leaves w^hich they bring back to add to the 
fungus garden. The latter is now only attended to by the 
workers, and the queen devotes herself to egg-laying. The 
colony increases in size, other fungus gardens are started, 
and eventually a very large colony, occupying a large extent 
of ground, is formed. 

THE GRANARIES OF THE ANT CITIES: PROVIDING FOR 
A “RAINY DAY'* 

I T was originally recorded by the ancients that ants stored 
seeds in granaries to serve as food in time of scarcity. This 
was doubted in the early part of the last century, being re- 
garded as a fable, or myth. Later, however, the fact was 
thoroughly re-established, and it is now well known that a 
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variety of ants of many different and distantly related genera 
do harvest seeds for food. It can be readily understood that 
in hot, arid countries where insect food may be lacking, or 
very scarce for many months in the year, and where com- 
petition with otfier insect-eaters may also be very keen, it 
would be of great advantage to ants to become, in part, vege- 
tarians. Moreover, carnivorous ants possessing powerful 
jaws for crushing the hard integuments of their prey are well 
fitted to deal with seeds. 

In many of the harvesting ants the larger workers, or 
soldiers, have enormously developed heads to support the 
powerful muscles by means of which their large jaws are 
worked. These workers are literally living “ nut-crackers ” 
for the rest of the community, and they crush up the hard 
seeds when required for food. At the time when these large 
workers are of no further use to the colony the other ants 
cut off their heads and throw them on the refuse heap — a 
very drastic, but effective, method of getting rid of a super- 
fluous working-class. 

As stated above, it is now established without doubt that 
many ants do collect grain and store it. When damp, they 
bring up the seeds to dry, in order to prevent them from 
germinating, and if any seeds sprout they gnaw that part 
away. Moreover, ants play no small part in the distribution 
of plants, as even in England several ants collect seeds which 
they carry home. Many seeds get dropped by the way, and 
thus give rise to plants at some distance from their original 
spot. The agricultural ant of Texas has been stated, however, 
not only to collect seeds of a plant called “ Ant-rice ” but 
actually to plant and cultivate them, and gather the seed next 
year. The seed resembles the grain of oats, and tastes like 
rice. 

The ant itself is of a rusty red colour and possesses, in 
common with many species that live in deserts and dry 
ground, a beard of long curved hairs. It is able to endure 
prolonged droughts. The nests of this ant are variable in 
construction according to the nature of the ground on which 
they occur, but they are always fully exposed to the sun. They 
generally occur among the herbage, and all plants growing 
on or around the nest are cut down and a flat area or disc 
is cleared for ten or twelve feet round. Should a growing 
tree be near they move the nest, or else strip all the leaves 
off the tree. 
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WHERE ANTS MAKE ROADS AND WEED THEM 

R oads five inches broad near the nest but narrower farther 
from it are made through the herbage for hundreds of 
feet in different directions, and these roads are weeded and 
kept as bare as the disc. If the soil be of a gravelly nature 
the ants use the gravel to build a cone or crater in the centre 
of the disc about three feet high, which is sometimes surrounded 
by a low mound, two or three feet in diameter. 

There may be from one to five entrances to the nest. The 
nests are perforated beneath with flat chambers, some of 
which form the granaries and are connected by galleries. The 
granaries never occur deeper than two and a half feet, but the 
galleries may reach a depth of fifteen feet. Some of the bits 
of gravel which form the cone are of immense size and weight 
as compared with the ants. Although they also feed on insects 
and on other seeds, the “ ant-rice ** is the only plant allowed 
to grow in a circle round the nest, and all other plants are 
cut down as soon as they appear. This rice is regularly sown 
before the wet season, and about November ist the young 
green shoots spring up ; the seeds ripen in June of the next 
year. The ants carefully weed and attend to these plantations, 
and gather the seeds. When the seeds have been harvested, 
the stubble is cut down and removed. The ants throw away 
the chaff and refuse and, if damp, the seeds are brought up 
to dry. 

A colony is founded in the following manner. The marriage- 
flight of the bright red females and darker males takes place 
at the end of June or the beginning of July, after which the 
female, having removed her wings, digs down into the earth 
and closes up the opening. She gradually brings up her first 
brood of some twelve very small, timid workers. In the 
spring the workers open up the nest, but are careful to conceal 
the entrance with small pebbles and bits of stick which look 
as if they might have been brought together by the wind. 
It is not until the second year when the large workers are 
produced that the ants begin to cut down the vegetation 
around the nest and establish the cirailar discs. These discs 
increase in size as more workers are produced. 

The discs are evidently for the purpose of ensuring as 
much dryness as possible, to help to prevent the germination 
of the seeds. The grubs of the ants are fed with portions ol 
crushed seeds, which the workers first coat with saliva to 
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ensure that the starch contained in the seeds is converted 
into sugar. The sting of this ant is exceedingly painful. 

THE BIG COMPANY OF WOOD-EATERS: 
THE TERMITES 

^y^RMiTES possess a social life parallel in many ways to that 
JL of the ants. They cultivate mushrooms, for instance, and 
keep many different species of guests. The males and females 
fly away into the air together, but they do not mate in the 
air as many ants do, but descend again to the ground to do 
so. As with ants, the colonies of the more primitive species 
consist of a few, or very few, individuals, living a more primi- 
tive life, whereas the more highly specialised ones may consist 
of enormous numbers of individuals, living a much more 
elaborate and specialised life. But the termites are much more 
primitive creatures than ants, and have a more primitive 
structure. 

They possess some characters similar to those of cockroaches, 
and are considered to be descended from an ancestor common 
also to those creatures. In the tropics where termites are 
most plentiful they are extremely destructive to all woodwork, 
books, or an5rthing which contains cellulose, of which they are 
very fond ; but wherever they are they destroy woodwork. 
They consist of males, females, and workers, as with ants ; 
but they are divided up into many more castes. Wheeler 
gives five castes which he classifies as follows : 

1. First form adults, called kings and queens. They are 
very similar, deeply pigmented insects with large comp)ound 
eyes, large brain and frontal gland, well-developed repro- 
ductive organs and at first with well-developed wings. The 
wings, however, later break off at pre-formed joints at their 
bases and are discarded. Old individuals of this caste, there- 
fore, can always be recognised by their short wing-stumps. 

2. Second form adults, complemental and substitutional 
kings and queens, only less pigmented, with wing pads or 
imperfectly -formed wings with which they cannot fly ; brain, 
compound eyes, frontal gland and reproductive organs some- 
what smaller than in the first form. 

3. Third form adults called worker-like, substitutional, or 
complemental kings and' queens. Scarcely pigmented, entirely 
wingless. Brain small ; eyes and frontal gland vestigial ; 
mature reproductive organs smaller than in the second form. 
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4. Workers. Wingless, unpigmented ; brain, small ; com- 
pound eyes and frontal gland extremely small, or absent ; 
reproductive organs rudimentary, as the workers do not 
reproduce. Head broader than in the first and second adult 
forms. 

5. Soldiers. Wingless ; head large and more or less pig- 
mented ; brain very small ; compound eyes vestigial ; frontal 
gland, and in very many species the jaws and jaw muscles 
large. In a few genera the soldier caste is represented by a 
different form, usually smaller than the worker, with a retort- 
shaped head, produced in front in the shape of a long, tubular 
snout, with the opening of a large frontal gland at the tip. 

THE TERMITES* CASTE SYSTEM 

T he castes vary in the different species, and there may be 
two or three different forms of soldiers and workers 
present in one colony. Thus there could be sixteen different 
kinds of individuals present, though it is probable not all 
occur at once in one colony. Five or six, however, of the 
following are often to be met with in a single colony : 

I. First form males and females 
(true kings and queens). 

2. Second form males and females. 

3. Third form males and females. 

4. Large male and female workers. 

5. Small male and female workers. 

6. Large male and female soldiers. 

7. Medium-sized male and female soldiers. 

8. Small male and female soldiers. 

It has recently been shown that the castes appear to be 
determined in the egg, and not by special feeding alone. The 
first form males and females can reproduce themselves, and 
all the castes beneath them ; but the second and third forms 
can only reproduce themselves and soldiers and workers. 

A termite colony is founded as follows. The winged kings 
and queens rise into the air for a short flight, and then descend 
to the ground and get rid of their wings. The male termite 
then runs after a female and when she has found a suitable 
spot they both dig together to excavate a cell. When the cell 
is completed, mating takes place ; the queen lays eggs and a 
small colony is started. 



WHEN LIFE BEGAN: THE PIONEERS 
OF THE LIVING WORLD 


P erhaps there can be no more absorbing themes than the 
inquiry into, and the discussion of, the history of Life. 
We talk glibly of the aeons of the past, of the queer forms 
of life, now so dead and buried, that flourished unchecked in 
so-called “ prehistoric ** days, of missing links, and of “ the 
Descent of Man.” How is it that we can record the history of 
prehistoric times ? How are we so confident of the life and 
habits of forms we only know as dead remains and which 
have left no descendants to these present days ? By what 
devious and obscure paths do we follow the rambling pioneers 
of the world of Life, discern their footprints, feel the ashes 
of their long-abandoned camp-fires, and finally discover the 
ruins of their ancient dwelling-places ? 

This study and the elaborations of these themes are no 
time-laden branches of a mediaeval alchemy ; indeed, the 
science, dr if you like, the art, is scarcely two centuries old, 
at least in its purer and more informative aspect. Yet already 
it is established. Its legionaries are indeed legion ; its truths 
no less than scientifically attested truths. 

GOING BACK ALONG THE PATH OF TIME 

H ow then shall we, the humble followers of a science 
that is new to us, approach the task ? There are three 
main ways, but none is a carriage way, and certainly there is 
no ro3ral road. Let us follow each at least a little distance 
and in a simple style, and see what we can make of it. 

First, there is no one of us so poor in experience or intellect 
but can know a little of at least a few animals and plants, and 
for this purpose we can include Man (a term so used that 
it includes woman) among the animals. The most superficial 
observation will have convinced us that a great variety of 
forms exists. We can, for example, distinguish males and 
females, parents and offspring, and cousins of near or distant 
degree. We know that each has some sort of traceable ancestry 
or lineage, that some forms will interbreed and have offspring 
like themselves, and that others cannot, or, at least, do not 
.appear to have this habit or ability. 

We see also that animals and plants do not interbreed and 
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have no familiar relationship, though both are obviously 
living things, as living, and certainly as capable of death, as 
we ourselves are. We see, also, that every new-born animal 
or plant, however or in whatever form it may be produced, 
is directly related to some form of similar character or appear- 
ance. Search as we may we do not see that Life is of spon- 
taneous occurrence, that it comes from inanimate nature, or 
that it flowers without some stem or root. 

BROAD LINES OF DEMARCATION 

I F we search more closely we find that superficial resem- 
blance in animals and plants is often, though by no means 
always, correlated with an underlying structural similarity. 
We find, for example, that birds always have feathers and 
always lay eggs, while mammals never have feathers but 
always have hair and very seldom lay eggs. Reptiles, on th^* 
other hand, never have hair or feathers and may lay eggs or 
produce living young. Thus even a superficial examination 
is sufficient to show us that there are broad lines of demarca- 
tion between different groups of animals and plants, or, as 
we may say, we see the rough outlines of classification. We 
find later that these broad groups arc divisible in other sub- 
groups, into orders, families, genera and species. 

FLEETING GLIMPSES OF THE DIM AGESt 
THE EMBRYOLOGIST’S VIEW 

E xamining all such groups or sub-groups or even indivi- 
duals in great detail we see that there is sometimes very 
great disparity between them, and if we further study the 
similarities and disparities we can work out a certain relation- 
ship between living things. This does not give us, of course, 
the family tree, but it does give us the outline of its branches 
and the pattern of its foliage, leaving us to fill in the more 
solid and woody details of the trunk and inner branches. 
This method of approach, the easier and more obvious, is 
called, if we consider only animal life. Zoology and Compara- 
tive Anatomy. 

The zoologist or anatomist is aware that when he studies 
the new-born young he is seeing the simplest form of the 
particular living animal. But if he can examine it before it 
18 bom, in what is called the embryonic or foetal stage, he 
sees some remarkable things. At certain stages in the de- 
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velopment or embryology of the little animal it bears resem- 
blances to forms very little akin to its ultimate condition. 
For instance, in the human embryo’s development, at one 
period it has gill clefts in the neck like those of a fish, and in 
another stage it has a well-developed tail. Examples of this 
sort could be multiplied a hundred-fold. 

Embryology has now come to be almost an exact science, 
well documented and with a wide range of discovery. It is 
now known, perhaps widely, that the young individual in its 
pre-natal condition runs through the whole developmental 
history of its kind, though it does it very quickly, just like a 
cinematograph film that is speeded up. Thus we can learn 
that the ancestors of the human race once possessed tails, 
and before that belonged to a race with gills. It may not be 
a flattering observation, but it is interesting and, as we shall 
see, there is confirmatory evidence. 

The second avenue of approach is, therefore, through 
Embryology, which gives us in the developmental stages of 
the embryo a fleeting glimpse of the past, like the leaves of 
the family album slipped through the fingers. 

A SLOW-MOTION FILM OF THE PAST: THE FOSSIL 
HUNTER'S STORY 

T he third and last avenue of approach is through the 
study of fossils, and it is in some ways a supplement to 
the method of comparative anatomy, and in others a reversal 
of the method of embryology. It is a slow-motion film, not, 
unfortunately, a complete film, and one much the worse for 
wear ; but we have full liberty and plenty of time in it to 
examine each piece of the evidence. This study of fossils, 
which we shall see is called Palaeontology, gives us direct 
confirmation of the observed embryological facts, it amplifies 
the structure and findings of comparative anatomy, and 
gives, above all, actual facts and details of the history of the 
things that have lived in the past, which are the relatives and 
ancestors of all the living things we know now. 

EARLY MISTAKES ABOUT THE FOSSILS 

I T is this third method of approach that we must examine 
more closely now. What are fossils ? What is this science 
of Palaeontology ? How can we proceed to investigate it ? 

The term Palaeontology is derived from three Greek words 
meaning the science of ancient life ” {palaios^ ancient ; 
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ontos, Kfc or being ; logos, science). It is concerned with the 
evidences of animals and plants that existed in former times 
and which are found occurring naturally in geological deposits. 
Fossils are so called from the Latin word fossilia, meaning 
“ things dug up,” because most of them ha\c to be excavated 
from their rocky, sandy, or clay covering. 

Fossils have been known for centuries, but the early ob- 
servers did not attach any great importance to them. Some 
regarded them merely as curiosities, others recognised that 
they had once lived but had become petrified or had been 
left derelict by the retreat of the w^aters. At the time of Aris- 
totle it was commonly believed that living things could be 
generated from mud and slime and their subseejuent petri- 
faction was, therefore, not surprising. General opinion, 
therefore, was content to regard them merely as curiosities, 
a belief that persisted for many centuries. But a small number 
of more scientifically -minded persons, including Leonardo 
da Vinci the painter, in later days came to realise that they 
were the preserved remains of once living creatures, and 
ultimately, at the beginning of the eighteenth century, this 
was the accepted view. 'Fo-day the study of fossils is the 
whole-time occupation of quite a number of persons in univer- 
sities, museums, and other educational and even commercial 
institutions, besides being the hobby of hundreds of people. 
We will now proceed to examine the subject and see what it 
can tell us. 


THE MYSTERY OF HOW LIFE BEGAN 

M ost people to-day realise that the world is a very old 
structure, so old that the approximate figure of two 
thousand million years which may be given as its age is 
beyond the comprehension of most of us who are not mathe- 
maticians and astronomers. For at least half of this immense 
period the record is so inscrutable that we have absolutely 
no knowledge of the forms of life that were flourishing then. 
How life itself originated is a complete mystery. It has been 
suggested that the original “ germ ” of living substance was 
conveyed to this earth by a meteorite which came from another 
world. This theory seems, however, rather to beg the question. 
Another suggestion is that the germ or spore of life might 
be borne from some planet to this world without a meteoric 
conveyance merely by the action of light and its pressure. 
Demonstration of this “ light pressure ” is easy, but neither 
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of these theories helps us very much for they both simply 
transfer the problem from our door to that of another world. 

Perhaps the most satisfactory theory so far advanced is 
that known as the Protobion (Greek, protos, first ; bios^ life). 
We may assume that in the earlier days the atmospheric and 
climatic conditions of the world were rather different from 
now. Temperatures may have been more or less stable ; 
night and day much alike. The humid atmosphere charged 
with carbon dioxide lay heavily on the land where the muds 
and oozes of the waters* edge may have been rich in such 
elements as carbon, nitrogen, and phosphorus. These 
substances are relatively unstable, and it is not impossible 
that under these conditions and in the presence of some 
additional substance which could work a change in them 
while remaining unaffected itself, the combination of these 
chemicals may have taken place and the first life-jelly may 
have been formed. This simple chemical compound, endowed 
with the purely physical power of absorbing food chemicals 
(i.e. endowed with the power of eating), and able to reject 
waste products, with limited powers of jelly-like movement, 
may have formed the first life, the Protobion, the first link of 
a chain whose last segment we ourselves shall never see, 

LIFE A THOUSAND MILLION YEARS AGO 

H owever this primitive germ may have arisen we have no 
possible means of learning its composition or characters. 
The earliest of the rocks ^ are grouped together as pre- 
Cambrian, a grouping which includes the oldest and most 
diversified rock deposits in geological history. So crushed 
and worn are those rocks that no definite knowledge can be 
obtained of any forms of life that may have then existed. 
Their record is truly inscrutable and perhaps irretrievably 
lost. We know that masses of phosphatic material occasionally 
occur and these probably indicate the ultimate remains of 
once living things, but beyond that we know nothing of pre- 
Cambrian life. 

In the succeeding period, known as the Cambrian, how- 
ever, we find that fossils are widely scattered and that diverse 
and complicated forms are not unplentiful. Down through 
the long corridor of time, over one thousand million years 
long, there comes this evidence of the flowering of life. Many 
of these fossils are beautifully preserved and capable of the 
^ For table showing the Geological Epochs of the Earth, see p. 68. 



LIFE A THOUSAND MILLION YEARS AGO 269 

most minute examination. So here is evidence that during 
that first half of the world’s history, of which we can catch 
no satisfying glimpse, the simple original “ germ ” must 
have been developing in complexity and giving rise to a great 
series of very different sorts of animals, as if the tiny seed had 
produced at last a great tree with many branches but with 
each of the leaves of different appearance. 

At any rate, one of the most striking feritures in the geo- 
logical history of the world is that, first, we l\ave this great 
pre-Cambrian peridd like an iinillumined stage, and then, 
suddenly, as if the floodlights had been switched on, we 
see a new scene with many well-developed types of life, set 
to play their part as the opening chorus of this great drama 
of living things. 

On the other hand, complex as the developing forms un- 
doubtedly were, they must also have been without shells or 
any hard skeleton and they were certainly water-living 
forms. This helps to explain the absence of fossils in the 
pre-Cambrian rocks, for fossilisation is difficult where there 
are only soft structures in the body. For this reason the pre- 
Cambrian period is occasionally known as Collozoic (Greek, 
kolla^ glue ; zdon^ an animal). 

HOW TIME’S DEEPEST ARCHIVES WERE FORMED 

I T should be explained here that for an organism to be 
preserved certain definite conditions must be fulfilled, and 
their fulfilment is largely a matter of chance. The animal dies 
on land or in the w'ater, and if it is a soft-bodied and shell -less 
form, as the earliest were, decay is usually so speedy a })<* )cess 
that no trace is ever left. Occasionally, however, where the 
“ body ” is left in comparatively fine mud in quiet waters, a 
faint impression may be made and the subsequent consoli- 
dation of the material may preserve for ever this trace of the 
long-vanished form. 

Naturally, shelled or bony animals are by far the irKue 
common among fossils. This is due to the resistant nature 
of the material which will withstand the transportation of 
the dead creature by river or flood, and will also endure the 
geological or physical changes to which the containing deposit 
is later subjected. 

The animal dies, and its body may lie at the place of death 
or may be carried by some agency to new surroundings, sa 
that the position in which a fossil is found is not always the 
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place of death. If the body or specimen lies on land it may 
disintegrate and leave no particular trace, though it may be 
covered by wind-blown sand or volcanic ash or have preserva- 
tion aided by chemical means, such as percolating waters. 
Where the dead animal is left or borne into water the chances 
of fossilisation are much greater. Silt, mud, and sand may be 
gently laid upon it, and as the years roll by the deposit may 
harden and become the rock we see to-day. Thus, so very 
many years afterwards, and again by chance, we may break 
into that rock and discover its long-hidden history. 

These processes of fossilisation and this building up of 
sedimentary deposits has always been going on so that really 
the historically blank core is surrounded by layer after la5^er 
of younger and younger age, most of the deposits bearing 
within them the secrets of their life. 

Thus there might be a continuous record from the first 
preservable things up to the present day, if it were not that 
geological processes are always going on. Rivers, rain, snow, 
frost and ice all do their work of breaking down the tardily- 
built cliffs and of rotting hills. Earthquake and flood, vol- 
canic action and the slower hand of time exert their influence 
so that the record becomes discontinuous and jumbled. Thus, 
nowhere do we have revealed the unbroken sequence of 
geological events. The complete story is obtained only by 
collating and adding up the fragments that are visible in 
cliffs and quarries, in river-banks, canyons, and railway 
cuttings. With this evidence from the very numerous fossils 
that have there been obtained, have been marshalled the groups 
of facts that have gone to make the story of Palaeontology. 

WHERE THE STORY BEGINS: THE 
EARLIEST FOSSILS 

T he oldest forms of life that we have so far been able to 
trace through fossils in this way are those of the Cambrian 
period. These fossils appear suddenly and in great variety, 
but all are the remains of marine forms. All the chief 
kinds of invertebrate animals (i.e. those without backbones) 
now recognised in zoology are already represented by well- 
developed groups — a fact which not only indicates how old 
their history is but what a lamentable blank there is in the 
earlier history of the development of life. 

The simplest forms of this assemblage are those belonging 
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MAN 



THE TREE OF EVOLUTION 


This reconstruction of the tree of evolution shows the probable 
interrelationships of the great families of animals. It is possible, 
but more difficult, to reconstruct a similar evolution tree for 
plants as well. 



272 THE PIONEERS OF THE LIVING WORLD 

to the Protozoa.^ Numerous genera and species of Radiolaria 
and Foraminifera have been described. They all had proto- 
plasmic bodies generally possessing a fine “ test,** or shell, 
of variable composition. Although common and widespread 
they are sufficiently akin to the living forms to need no 
description here. 

The next higher group of creatures, the Coelenterates, are 
represented by quite a numerous company comprising 
Porifera, or sponges, in which both the six-rayed spicule 
types and the stony-walled sponges occur. The corals are 
represented, too, and the remains of jelly-fish have also been 
found in rocks of this early age in Sweden. The Sea-urchins, 
or Echinoderms, are represented only by the small stalked 
variety known to palaeontologists as Cystids. 

Worms, which seem to have been specially numerous at 
this time, are curiously important, for they were tube-living 
forms and the remains of these worm-tubes and casts are so 
plentiful that in certain districts they actually form rocks. 

The three main kinds of molluscs, or shell -fish, were also 
in existence, and the Cambrian rocks have yielded the re- 
mains of limpet-like gasteropods, Nautilus-Y)kjt cephalopods, 
and small lamellibranchs. The first of the brachiopoda, or 
lamp' shells, were apparently numerous even in the early 
stages of the period. 

THE CRAB'S VERY EARLY ANCESTORS 

T he most characteristic fossils of the Cambrian period, 
however, are none of these kinds, but are more compli- 
cated and of a higher zoological order. They are the Trilo- 
bites, which are now extinct. They are crustaceans, dis- 
tantly related to the crabs, and characterised by very definite 
and constant features such as their rather oval shape and 
segmented body, with two longitudinal lines or furrows 
running backwards along the body from the head, so that the 
body is divided into three parts or lobes. It is to this feature 
that they owe the name trilobite. 

The back of the body was protected by a strong and hard 
covering or carapace of chitin, usually strengthened by car- 
bonate of lime. On the underside of the body there were 
numerous jointed limbs. An interesting feature of the group 
is the structure of their eyes. Although many of the Cambrian 
forms were blind, many others had very complex visual 
»Scc pp. 126-7. 
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organs usually with a number of lenses. In ofle form of a 
later geological formation, the eyes are said to contain 15,000 
lenses. The Trilobites were usually small in size, an inch 
01 two long, although some forms exceed this figure, and 
they were dl marine. 

WHY ANIMALS STARTED TO GROW SHELLS 

L ooking at this Cambrian period of geological history 
jand its well -developed and varied forms of life, we see 
that it includes all the groups that have given rise to our 
living invertebrate contemporaries and that, so far, they were 
all sea-living things. They have been preserved because most 
of them had hard structures such as shells, and this sudden 
appearance of shelly structure, whether of chi tin or lime, 
has long beeh a knotty problem. By some it has been sug- 
gested that in the pre-Cambrian times there was insufficient 
lime in the waters to allow the animals to manufacture shells 
or “ skeletons for themselves, but there is much evidence 
to counter this theory. 

The more acceptable idea is that all the pre-Cambrian 
forms were vegetarians and lived happily on the simple 
plant-forms, without interfering with one another. Then 
perhaps one group of animals by chance developed a taste 
for animal food and, given an ample supply, this kind would 
rapidly increase and develop until the other forms of animal 
were almost extinguished. To protect themselves in this 
primeval struggle for existence the others may have developed 
armour, in the only way they could, which was by the absorp- 
tion of lime and the manufacture of shells and limy skeletons. 

It may be that the trilobites themselves were the villains 
of the piece, but villains or not, it was this struggle which 
would help to develop and diversify the forms of living things, 
and the adoption of armour led to the possibility of preserva- 
tion as fossils and so to our knowledge of the story of life. 

From the evidence of the rocks themselves we know that 
in Cambrian times the land was more extensive than now and 
that the seas were somewhat restricted, so that though the 
living forms were well distributed there was little mingling 
of the different faunas. It was a long period, this Cambrian 
with its teeming seas, and so far as we can ascertain the world- 
wide climatic conditions varied from cool to moderate, but 
were less differentiated perhaps and less genial than now. 

In the succeeding period, right up to modem times, various 
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developments of the different invertebrate groups have taken 
place, forms have come into being, have flourished, and 
finally died away, some without descendants and others leav- 
ing their characteristics to be transmitted more or less faith- 
fully by some related form. None, at any rate, has carried 
on from these early days until the present. 

Of the groups we have named, the Foraminifera and 
Radiolaria have had great development since Cambrian 
times. Foraminifera were especially abundant in the long 
Carboniferous period and, because they were widespread in 
certain localities during the formation of the oil -bearing 
strata, they are of great interest to oil-field prospectors. 
Indeed, some hundreds of persons in America devote their 
time to the study of these little fossils which help them to 
unravel the history of the oil-bearing deposits, and thus 
serve to indicate the presence and extent of oil. 

THE ONE-ROOMED TENEMENTS OF THE GRAPTOLITES 

A SERIES of animals important in the earlier days were 
the graptolites, which are now long extinct. Their 
soft parts are quite unknown and we can only guess by 
analogy at the meaning of the structure. We know them 
from the abundant remnants of their skeleton of chitin, 
though that substance itself has generally been carbonised or 
replaced by iron compounds in the long course of time. 

They appear to have consisted essentially of a long hollow 
chitinous rod from which many little cups projected on one 
or more sides, so that the whole animal was a sort of tenement 
of one-roomed cuplets each of which was occupied by a 
single living polyp, while the whole communicated by means 
of the central cavity. There are many different varieties of 
dissimilar appearance, some with several polyp-bearing 
branches. Others, with only one set of tiny cups, look in the 
fossil state like tiny saws. Their remains are to be found 
particularly in the slates of Wales and Shropshire, and they 
range in antiquity from the Cambrian to the close of the 
Silurian periods. 

The animals known as the corals, which were in some ways 
related to the graptolites, continued to be important and to 
grow great reefs in the warmer seas just as they do to-day, 
and the remains of many of these reefs have been examined. 
The Sea-Lilies, or crinoids, were common enough too at 
some periods to be what are known as rock-formers, for we 
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know of several places where beds of limestone have been 
built from the remains of these graceful animals. Sea-Lilies, 
which were so common in the Silurian age that this period 
has been called “ 'Fhe Age of Sea-I alies.’^ are like slender- 
fingered starfish, hut with numerous fingers. They are attached 
to the ground by a flexible stalk of varying length. 

THE AMMONITE AT HOME: ONE ROOM IN A GAS-FILLED 
HOUSE 

P erhaps the most enduring and abundant of the animals 
without backbones have been the Mollusca, or shell-fish, 
which include not only the common forms familiar to us all 
to-day but also some extraordinary forms in the past which 
call at least for mention here. 

The most important of them were the ammonites whose 
serpent-like cx)iled shells are so common in our Dorset and 
Yorkshire coasts. I'hese coil-like shells, when sectioned, show 
that the interiors consisted of a number of communicating 
chambers similar to those in the shell of a modern nautilus 
(or one-valved animal). The occupant, a kind of cuttlefish, 
lived in the last chamber, and it is very probable that the other 
chambers were filled with gas so that the whole served as 
a Boat. 

Closely related to the ammonites are the fossils known as 
bclemnites. The narrow cone-shaped fossils of that name arc 
really the same sort of thing as the “ pen of the modem 
squid, although they are more solidly built. This cone is, of 
course, merely the homy and internal skeleton of a cuttlefish, 
and though the belemnites arc common and well known, unlv 
in a few instances have we any knowledge of the soft-bodicd 
creature itself. 

Perhaps one of the most astonishing fossil molluscs, if indeed 
it is a shell at all, is the gigantic spiral form whose remains were 
discovered in Alexandra Park, Hastings, some years ago. Actu- 
ally indications of two individuals were obtained, one with a 
right-handed, and one with a left-handed, spiral. From the 
clues as to size, which the fragments of one of these gave, 
the whole structure was completed in plaster, and a great but 
moderately thin spiral shell, over seven fefet high, resulted. It 
is now exhibited in the geological department of the British 
Museum. This was described as a fossil under the name of 
Dinocockleay or “ huge-shell,” but it has been the subject of 
much controversy, as many people maintain it to be merely 
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some curiously shaped mass of materials which had grown 
together. This diagnosis is very probably correct, although 
how such a concretion could be formed is a problem likely 
to be perpetually debated by geologists. 

Along with these molluscs the somewhat similar Brachio- 
poda, or lamp-shells, continued to exist. Occasionally they 
were very numerous, but like the molluscs they have succeeded 
in coming down through the aeons of geological time and have 
living representatives, so that no special attention need be paid 
to them here. It may be pointed out, however, that their 
popular name of “ lamp-shell ” is derived from the similarity 
between the shell and a Roman lamp. 

THE ARRIVAL OF THE INSECTS 

T he Arthropods, the highest of the invertebrate group, to 
which belong the trilobites already mentioned, continued 
to flourish and to produce new and complex forms. The 
insects, for example, first came upon the scene definitely in 
the Carboniferous j>eriod.^ They must have been in existence 
before then, and are probably contemporaneous with the earliest 
land plants, but it is interesting to see that in the Carboniferous 
period, with its prolific plant life and perhaps dense atmosphere, 
the marine arthropods like the trilobites and the eurypterids 
were dying out, while on land the new arthropods of the air, 
unhampered by competition as there were yet no birds, were 
making a conquest that they have not yet relin quished . Remains 
have been found of dragon-flies of this age whose wings are two 
and a half feet in span. At this time, too, were the swamps, the 
luxuriant vegetation, and the generally warm temperature 
which, combined together, have given us our seams of coal. 

THE BACKBONED ANIMALS APPEAR 

H owever important these animals without backbones and 
plant fossils may be, scientifically or commercially, they 
have not the hold on the public imagination that the back- 
boned creatures, or vertebrates, constantly exercise. The 
term “ prehistoric animals,*'* popular and loose though it is 
is almost always synonymous with backboned animals, with 
the larger of the ancient fish, with giant amphibians, and 
especially with the enormous and grotesque extinct reptilian 
creatures and with their successors, the almost equally bizarre 
‘ See table, p. 68. 
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mammals and the forerunners of man. Let us turn then to 
the study of these more important creatures. 

The earliest of the backboned animals are known only from 
fragments contained in the Upper Ordovician rocks of the 
Western States of North America and of Russia. While the 
great developments of the invertebrate fauna were essentially 
marine, it would appear that these earliest known vertebrates 
developed and lived in fresh-w^ater lakes and in the rivers, 
and that their excursion into wider habitats was not accom- 
plished until probably the Devonian period, which is much 
later. 

THE FISH ARM THEMSELVES FOR THE BATTLE OF LIFE 

I T is also of great interest to speculate upon the mode of life 
of these ancestral forms, the foundation of all succeeding 
backboned animals. It is very probable that at first they were 
speedy creatures, already well adapted in many ways, but like 
the earliest of the invertebrates, they were also unarmoured. 
Similarly, subject to some kind of attack, probably from a 
crustacean enemy, these primitive fish adopted armour and 
came to be smallish, broadened creatures, groping their way 
and feeding at the bottom of the water. Their descendants 
were, so far as we know, completely armed from the front of 
the head to the end of the tail in plates and scales. Curiously 
enough, it is known that, in some ot the forms, this casing 
was of bone, and that therefore apparently the primitive fish 
were bony fish. In the development of the so-called primitive 
or lower fish living to-day, a cartilaginous stage precedes the 
bony, and for long it was considered that this was a primitive 
condition. Now, however, it may prove to be a secondary or 
degenerate state of affairs. 

I'here were comparatively small fish, seldom more than a foot 
or two long, with a fish-like body with one or two fins on the 
back and perhaps the elements of a pair of pectoral fins behind 
the head. The head itself was a flattened, oval-shaped struc- 
ture, completely covered above by a bony shield. In the 
middle of this shield, close together, were the eyes, which 
looked upwards. Between them was the tiny opening for the 
third, or pineal eye, of which we shall hear again later. The 
opening of the nostril was a single, unpaired slit. The mouth 
was without jaws and there were numerous gill -pouches. 
Strange as such creatures were, they bore many resemblances 
to such modern fish as the lampreys and the hag-fish, and it is 
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possible that these last are descendants of the armoured types 
but modified for a parasitic life. 

Cepkalaspis (head-shield) was typical of the primitive type 
of fish. Its slit-like mouth and its position on the head suggest 
that the fish was something of a scavenger, seeking its food on 
the bottom. The skull had a pair of bony horns, and it is 
believed that, as in certain eels, some of the bony plates were 
connected to the nervous system and may have served as 
protective electrical organs. 

There were many allied forms of fish, but all were armoured. 
Their successors, too, were armed, and sometimes were of 
gigantic size, so much as thirty feet long. However, as has 
commonly been the fate of these heavily burdened forms of 
life, they did not survive. Among the primitive forms were 
the sharks, and they have become modified and have per- 
sisted ; but few of their bone-protected contemporaries sur- 
vived the Devonian period, leaving the field to other kinds of 
fish which were now fast developing and which were to leave 
their influence on both land and sea. 

THE FISH THAT LEARNED TO LIVE ON LAND 

T he Devonian period is one of the great milestones in the 
study of fossils. As we have seen, in its deposits is the 
first definite mingling of the hitherto fresh -water fish and the 
marine forms of life. The primitive armed types of fish were 
dying out, giving way to freer swimming and faster types. 
The age was a time of comparative warmth, and in Old Red 
Sandstone days, many of the river pools were drying up, 
trapping yet preserving for all time the fish within them. 
This time has been well named the “ The Age of Fishes,” for 
many of its deposits are crowded with the remains from these 
dried fish pools. 

While this was the end of life to many forms, it was a 
stimulus to others. Certain kinds living in pools which were 
drying up circumvented the oxygen deficiency of their ele- 
ment by a new device — the gulping of air. Very gradually 
this habit produced lung-breathing types of which we have 
direct descendants to-day. More than that, these lung fish 
produced two very important lines of development. They 
founded two groups, the first of which produced in time the 
majority of the fish we know to-day and thus secured the 
mastery of the seas ; while the second group gave rise, though 
indirectly, to the partial conquerors of another element, the 
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land, for they produced eventually the amphibians, creatures 
living partly on land and partly in water. Thus, in the 
Devonian period, for the first time in the earth’s chequered 
history, a four-footed backboned creature made its bow upon 
the land. 

This transition was responsible for many fundamental 
changes in the skeleton and external ornamentation of the 
creatures we have so far considered. In tl\c water, a back- 
bone composed of cartilage was quite satisfactory, and gill 
breathing was a necessity. For ease in swimming, it was an 
advantage to have the skull and shoulder girdle intimately 
connected. On land, however, things were very different. 
More solid support was necessary, and so a bony backbone 
carhe into being, while the skull and the shoulder bones 
ceased to be so intimately related in order to give more free- 
dom of movement. Fins gave way to a long but somewhat 
compressed tail and to four simple limbs, each with five 
fingers or toes. Then, of course, gills disappeared in the adult, 
and some of the structures were absorbed into a more compli- 
cated blood circulation system, while other parts helped to 
form an ear capable of catching the more elusive sounds in 
the thinner medium of air. 

The covering of scales and plates characteristic of many of 
the fish gave way to the moist skin we associate with modern 
frogs, but some of the earlier forms kept the conspicuous 
scales on the front or ventral side of their bodies. 

GLORIES OF THE FROG'S GREAT ANCESTORS 

M odern amphibia, the frogs, toads, newts and so on, do not 
make a very impressive show in the pageant of living 
things ; no living amphibian approaches in size or interest 
the rather diverse forms of the Carboniferous and Permian 
times. The first forms must have lived along with their not 
so distant fishy relatives in the rivers and ponds, occasional! 
venturing on the muddy banks, but having of necessity to 
return to the water in tJie breeding season. 

In the beginning they were not so unlike the fish in feeding 
habits and in sense organisation, but they were probably less 
able to defend themselves from attack and so had to leave the 
water for the land. On the other hand, from the safety of the 
shores, they could snatch a plenteous food supply from their 
contemporaries swimming in the water or stranded in the 
mud of drying pools. In size, in habit, and in general appear- 
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ance some of these amphibians were not unlike crocodiles. 

We have the evidence of bones from the Permian period ^ 
found in Texas, that some amphibians (such as Cacops) were 
to all intents and purposes terrestrial, having to return to the 
water only to lay eggs. Though this particular animal (the 
Cacops) was only about two feet long, others of a similar 
kind grew to five and six feet. 

By this time the amphibians had lost one of their five 
fingers, the hands having now only four of them well de- 
veloped. Some forms, too, had developed a certain amount 
of armour on their backs as a protection against flesh-eating 
contemporaries. While most of the amphibians were prob- 
ably still flesh -eaters at this time (the Permian period), it is 
possible that some may have eaten insects, which we know to 
have been plentiful, while yet others may have become vege- 
tarians. The amphibians can hardly have been beautiful 
creatures. With their large triangular skulls, broad and low 
bodies, and sprawling limbs stuck well out from the body, 
they must have walked slowly and awkwardly over the land. 

THE AMPHIBIANS' STRATEGY TO PRESERVE THEIR RACE 

H appily placed in some circumstances, they were not how- 
ever free from troubles. The reptiles were now beginning 
to roam the land and harass their amphibian progenitors, and 
they were a more advanced type without the amphibian limita- 
tions. To avoid this new complication, some of the amphibians 
delayed their water-living and gill -breathing larval state (like 
the modern axolotl) and eventually became entirely water- 
living. Indeed we have evidence that some were actually 
marine, which seems strange if we remember how deadly the 
salt waters are to the larval forms of the modern amphibian. 

These secondarily aquatic and degenerate amphibians are 
common in the Triassic deposits of Germany, where remains 
8f the large Mastodonsaurus^ whose skull was four feet long, 
and the smaller but well-known Capitosaurus have been 
found. These forms are often grouped together under the 
name of Labyrinthodonts (“ labyrinth-toothed *'), a name 
which has reference to the remarkable pleating of the wall 
of the conical and hollow teeth. The marine kinds were long 
and narrow-headed, and are known from deposits in Spits- 
bergen. 


*See tftble, p. 68. 
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HOW THE LITTLE “LIZARDS** DISAPPEARED 

N ot all the amphibians were lar^c, for many very interesting 
kinds, of Carboniferous and Pennian age, have been 
grouped under the name of Microsauria, or “ little lizards.** 
The name is not altogether misleading, because they were 
certainly small, and in some characters were intermediate 
between the reptiles and the amphibians. Their remains 
were first discovered in fossilised tree trunks in Nova Scotia, 
and apparently in Coal Measure times the little animals had 
been trapped tliere accidentally. Numerous other examples 
have been obtained from Bohemia, Ireland and England. 

Despite the great number and variety of all these preceding 
kinds, they did not survive the Trias, but gave way in the 
struggle with the more highly-equipped reptiles. Fossil 
examples of the ancestors of living amphibians, frogs, toads, 
newts and salamanders, are, however, known although they 
do not date bark later than the Jurassic period.^ In the 
Eocene and Oligocene ages they are especially well known, 
and many beautifully preserved specimens have been found 
which show them to have been very closely similar to the 
living forms. 

One salamander of especial interest must be mentioned. It 
is a form closely allied to a salamander now living in Japan, 
and one specimen, now in a Dutch museum, was described 
in 1726 under the name of Homo diluvii testis^ “ man a witness 
of the deluge,** as the physician who originally identified it 
believed it to be the remains of a man who had perished in 
the Flood. 

The amphibians now living have only a fraction of the 
importance of the group as it was in the early days, and the 
disappearance of the more varied and the larger forms must 
be attributed to the rise of the higher forms, to which the 
amphibia themselves gave birth, known as the reptiles. Fhe 
transition from some amphibian (probably related to the 
Permian Labyrinthodont Seymouria) to reptile was apparently 
accomplished in Carboniferous times, as a result of the genial 
conditions and abundant food supply, perhaps reacting favour- 
ably on one of the more successful land-living forms. At any 
rate in the Carboniferous period we have the first remains of 
this new class of animals, and by the Permian age they are 
widespread and greatly diversified. 

^See table, p. 68. 



282 THE PIONEERS OP THE LIVING WORLD 


THE FANTASTIC COMPANY OF THE REPTILES 

T he early forms of reptiles, whose remains are chiefly known 
from Pennsylvania, gave rise to a diversity of crude-looking 
creatures which in the course of time led to an assemblage as 
powerful and important as any the world has ever seen. In 
the air, in the waters of lakes and rivers, in the sea, and on 
land, reptiles were to become rulers at least until the end of 
the Cretaceous period.^ During the hundred million years 
occupied by the Triassic, Jurassic and Cretaceous periods, 
’they were without question the dominant animals in every 
domain, hence this long time, commonly known as the Meso- 
zoic, or “ period of middle life,” is also known as ” The Age 
of Reptiles.” Here were produced the most fantastic of 
nature’s creations, the most interesting forms, and the great 
company whose living descendants give but little indication 
of their former glory. 

The name reptile means “ creeping,” but we shall see that 
these great reptiles were by no means merely creeping things. 
The simple amphibian ancestor which produced some unknown 
reptile started a stem that quickly sprouted to give the Ichthyo- 
saurs, Plesiosaurs and Mosasaurs as monsters of the sea ; the 
pterodactyls in the air ; crocodiles, turtles and tortoises, 
snakes and lizards, and the remarkable giants of the earth, 
the Dinosaurs. 

Though little is known of the Carboniferous reptilian fauna, 
in the succeeding period, the Permian, there was quite a 
diversified representation, both of land-living and water-living 
forms. Amongst these, one or two will serve for description. 


A HELMET-CLAD LIZARD WITH THREE EYES 

T he first of them comes from South Africa and is known 
by many specimens, the best of which is on public view 
at the Natural History Museum, South Kensington. Its name 
is PareiasauruSy which can be translated as the “ helmet- 
cheeked lizard.” It may be pointed out here that the suffix 
“ saurus ” means in Greek “ lizard,” though ” reptile ” must 
generally be understood. This African form derives its name 
from the fact that the whole of the head is completely roofed 
by bone, except for the eye openings and for the comparatively 
large orifice (foramen) for the pineal, or third eye. 

This last-named organ, which we have already mentioned, 
' Soe table, p. 68. 
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occurs in some fish, in the amphibians, and in many reptiles, 
chiefly the swimming kinds. The structure so far as we can 
judge it from living animals, was a primitive eye, with nervous 
connections, lens, and retina, but whether it had visual powers 
or not we do not know. In the living Sphenodon, a reptile with 
a very long history, this organ persists, but experiments have 
failed to reveal its function. In the purely aquatic forms it 
may have served as an eye, sensitive to movements and to 
light above the creature. At any rate, in the higher kinds of 
animals, the optical arrangement of the eye is lost and the 
opening in the bones of the skull is closed up. The structure 
is identifiable only as the pineal gland (a gland situated in the 
brain) which, in man, was considered by the early anatomists 
to be the seat of the soul. 

THE REAL ADAM: A REPTILE THAT WAS FATHER OP HIS AGE 

T he teeth in Pareiasaurus, like those in the amphibia we 
have already mentioned, were not confined to the margins 
of the jaws as in mammals, but extended over the palate as 
well. The animal was large and unweildy, sometimes so much 
as ten feet long, and is thought to have been a vegetarian. 
Its heavy and awkward limbs had the elbows and knees stuck 
out from the body, so it must have walked with a wide but 
slow and ungainly stride. The feet were adapted for digging 
like a mole, so probably this animal dug about for its vegetable 
food. 

Pardasaunis belongs to the most primitive reptilian order, 
and is at the base of the whole family tree that produced various 
other reptiles, the birds, mammals, and man, so that in a way, 
we may regard it as a reptilian Adam, the remote father of us 
all. Although it is known from South Africa, other animals 
closely similar to it have been found in deposits in northern 
Russia and Scotland, while smaller related forms of a later 
date are known from Scotland, Switzerland and the United 
States of America. 

The other interesting Permian reptile we must mention 
comes from Texas in the United States, and is known as 
Dimetrodon. It belongs to a different order of reptiles from 
Pareiasaurus, although in general build and size they were 
somewhat alike. Dimetrodon was a flesh-eater, however, as its 
conical and compressed teeth indicate, and had an alligator- 
like head and a body like a monitor. 

The most remarkable feature in its make-up was the aston- 



284 the pioneers of the living world 

ishing length to which the neural or dorsal spines of the 
vertebrae grew. One spine was often a straight rod, three 
feet long, while sometimes this rod had cross-pieces like the 
yards on a mast. These neural spines extending along the 
body must have been covered by a thin web of skin during 
life, and the purpose of this awkward structure is not clear. 
It is possible that it was a sexual characteristic, and that only 
the males were thus adorned. 

Living at this same time and till the Upper Trias ^ in 
South Africa, Russia, Scotland, and North America were 
many varied animals related to Dimetrodon but rather different 
in structure. They are all grouped under the names of Anomo- 
dontia or “ irregular toothed,” or Theromorpha, “ beast 
shaped,” and consist of forms varying in size from that of 
a little lizard to a large dog. Some were purely land-living, 
others were aquatic. It is noticeable that in nearly all groups 
of animals, some forms persist in returning to the ancestral 
habitat of the waters. 

While there is considerable variation in the teeth of these 
animals, as is indicated by the name Anomodont given above, 
one group with a head like a dog had remarkably mammal- 
like teeth. Instead of being constructed all on the same 
pattern as in most reptiles, the teeth of these creatures were 
differentiated into incisors, canines or eye-teeth, and the 
chewing teeth, pre-molars and molars. The only real differ- 
ence, indeed, between these teeth and those of a mammal 
lay in the manner of their replacement, though it is possible 
that these reptiles had also only two sets of teeth during life. 
Like the manunals also, the skull had two condyles at the back 
for movement upon the neck. Many of the bones of the 
skeleton, too, were mammal-like. 

We thus reach the conclusion that during the Trias age, 
when conditions were arid — always a stimulus to evolution — 
and the advantage was with the more adaptive and fast-moving 
types of animals, the mammals were evolved from the slower- 
moving, less efficient creatures. At a comparatively early 
stage in the development of the reptiles, therefore, the most 
significant feature of their history was accomplished. 

This does not mean that the importance of the group 
dwindled ip the immediately succeeding period, because, 
from the Trias ^ onwards till the close of the Cretaceous ^ 


*See table, p.68. 
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some of the most remarkable creatures were evolved, per- 
fected, and lost again to flourish no more. 

In Triassic times these forms were already well indicated. 
Already many had given up the struggle for existence on 
land and had returned to, and adapted themselves with great 
success in, the seas. 

One such group was the Plesiosaurs, whose first forms we 
know from the Trias, and which became dominant during 
the Jurassic and the Cretaceous periods. In one of the early 
accounts of them, they were aptly described as being like 
“ a snake threaded through the shell of a turtle.” In type 
they were small-headed animals with a very long neck, a 
flattened, barrel-shaped body and a long tail with a small fin at 
its end. In size they varied from a few feet to thirty feet in 
length. Their remains have been found in England, America, 
Germany, Australia, and Africa — indeed, all over the world. 

The small head had the margins of the jaws lined with sharp, 
conical teeth fixed in deep sockets. The eyes were large and, 
again, a pineal eye was present on top of the head. The long 
and slender neck was composed of many vertebrae, but appears 
to have been almost inflexible ; while the body was probably 
covered by smooth skin without any trace of armour. 

For its swimming abilities, the animal did not depend on 
the sinuous movement of the fish or on the strength of the 
fins, but on the propulsion of its modified paddle-like limbs. 
Both the front and the hind limbs were of about equal size, 
and their construction bears ample testimony to the land-living 
habit of their ancestral form. All the ordinary limb and toe 
bones were present, though the joints of the toes had increased 
in number. The whole structure was strengthened by cartilage 
and covered with skin to form a powerful paddle. 

While the soft structures of the body were protected above 
by the backbone and ribs, the flattened front or ventral sur- 
face was strengthened by the expanded plates of bone which 
supported the paddles, and by numerous rows of secondarily- 
developed abdominal ribs, the whole protective structure being 
not unlike the lower shell, or plastron, of a turtle. 

MONSTERS OF THE SHALLOW WATERS 

S O far as we can gather, these grotesque sea -monsters 
roamed the shallower seas, feeding upon feh and especially 
upon cuttle fish, whose remains we actually find in the fossil- 
ised stomach-region. As the neck was comparatively immov- 
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A STRANGE AND SUDDEN DISAPPEARANCE 

A ll these marine reptiles which lived so long and with 
such conspicuous success suddenly fade out of the picture at 
the close of the Cretaceous period. No new forms of any 
importance had been introduced to alter the tenor of their 
lives. For the whole of their time, they had suffered the 
competition of the fish without the least discomfort. Suddenly 
and for no explicable reason, except that they had had their 
day, they vanished from the world of living things merely to 
become a portion of geological history. 

During their time, the crocodiles had also been developing 
and becoming comparatively abundant. The earlier crocodiles 
were more adapted for a marine life than the later and living 
forms. One important difference is that they lacked the 
secondary bony palate which enables the present-day croco- 
diles to drown their prey and yet breathe comfortably them- 
selves. Unless, therefore, these earlier types were provided 
with some compensating fleshy structure of which all trace is 
lost in the fossils, their mode of life and feeding habits must 
have been different from those of their representatives to-day. 

The later crocodiles are so closely akin to living forms that 
no mention need be made of them here, beyond pointing out 
that certain Indian forms of the Pliocene age grew to the 
enormous length of fifty feet. 

While these swimming reptiles sported in the seas, the 
shadows of others of their relatives in another element no 
doubt fell up>on them ; for at this time, reptiles, like many 
other vertebrate groups, attempted the conquest of the air. 
These flying reptiles are generally known as Pterodactyls 
(“ wing fingers ”), because the thin skin that served as a wing 
was attached to the greatly lengthened fifth finger. 

The early pterodactyls were small, about the size of spar- 
rows ; sojne had short tails, others had long ones. They are 
especially well known from the Lithographic Stone of Bavaria, 
where slabs of rock often reproduce with great clarity the 
delicate impressions of complete individuals. 

Pterodactylus itself was a small animal like a thrush, with 
a long, bird-like skull set at right angles to the neck. The 
slender jaws were toothed. The arms were strongly developed 
compared with the legs, and the latter could not have been 
of much value for movement. The breast bone was keeled 
for the insertion of muscles, as in birds. 
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The wing-membrane consisted essentially of three parts : 
a little flap of skin between the forearm and the neck, a large 
area of this skin between the disproportionately strengthened 
“ little ** finger and the hind -leg, and a small area between the 
hind -legs. In some forms at least there are indications of bird- 
like habits, and a certain amount of flying in the strict sense 
may have been accomplished. Others, it seems, only glided 
on wind currents. 

A GIANT REPTILE THAT COULD NOT USE ITS FEET 

L iving at the same time as Pterodactylus w'as another genus 
-yof very similar nature known as Rhamphorhynchus. It 
had; however, a long tail with a sort of little fin at the end. 
In its mouth were many slender teeth, but the front of the 
mouth was toothless and beaked. Impressions of the wing- 
membrane have been found which show that it was smooth, 
and the body appears to have been quite smooth and un- 
armoured also. 

The later pterodactyls, those of the Cretaceous period, were 
much larger than their predecessors. The most notable form 
was Pteranodon, whose remains have been found in the Chalk 
of Kansas, U.S.A. This animal had a large skull with long 
but toothless jaws. The fore-limbs were enormously developed 
and the span from wing-tip to wing-tip was no less than 
eighteen feet. The long beak in the head was counterbalanced 
by a strong bony process on the back of the skull, and to this 
process it is thought the muscles actuating the wing-fingers 
were attached. Apart from the great fifth finger, the hand 
had three little fingers with claws. The hind-legs were absurdly 
small when contrasted with the front limbs, and must have 
been too weak to support the creature. Certainly these ptero- 
dactyls could not have walked about like modern flying birds. 

The bones are remarkably light in weight and construction, 
but when we try to arrange the mental picture of the life of 
these larger flying reptiles, we come up against some pretty 
problems. How and where did they live, and how did they 
catch their food ? We have seen that most of them seem to 
have been poor fliers and to have been mainly wind-gliders : 
we see, too, that the hind-legs could hardly have served for 
walking ; so that obviously the life of pterodactyls was not 
at all hke that of most birds. 

We can only assume that forms like Pteranodon launched 
themselves off from a cliff in a favourable wind and glided 
S.L.T. K 
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over the water where they caught fish. What happened when 
they landed on the water, as they must occasionally have done, 
and were becalmed, we do not know. The fragile wing-tip, 
too, would easily be broken in contact with the choppy seas. 

But at any rate that is how they must have lived ; floating 
on the air streams, perching on the rocks, finding food in the seas 
or amongst their flying fellows, the insects. Like so many of 
the other reptilian groups, they disappeared without descen- 
dants or survivors at the end of the Cretaceous period. 

MONARCHS FOR A HUNDRED MILLION YEARS: THE DINOSAURS 

A t the same time as the flying reptiles, the ichthyosaurs 
and the plesiosaurs, there lived, mainly on land but 
occasionally in the rivers and lagoons, some of the most 
remarkable animals the world has ever seen. These were 
the Dinosaurs, who dominated the world for something like 
a hundred million years. When we remember that man has 
been dominant for a mere million or so, we can realize some- 
thing of the kingship that the dinosaurs enjoyed. 

The earliest dinosaurs, evolved from a stem which gave 
rise both to the crocodiles and to the birds, made their bow 
in the early Trias Originally they were probably small and 
leaping creatures, and the most primitive walked habitually 
upon the hind-legs, using the front merely for feeding or while 
resting. The bipedal forms are divisible into two kinds, those 
that lived upon flesh and those that were vegetarians. It is 
interesting to note that the first dinosaurs ever discovered 
and described were these bipedal kinds and that the dis- 
coveries were made in England by Englishmen just over a 
hundred years ago. 

The earliest of the bipeds were smallish, hopping or jump- 
ing creatures, and while some remained comparatively small 
throughout the history of the whole group, others became 
large. Iguanodon^ well known from the Wealden rocks of the 
South of England and from Belgium, was herb-eating, sub- 
sisting on the tree fronds. It was about fourteen feet high 
and over twenty feet long, measured along the backbone. 

The fore-limbs were less stout than the hind and were 
adapted for grasping, while the thumb was a bohy spike, 
useful for digging off branches from trees as well as in defence 
or attack. The strong hind-legs supported the body, and 
the three-toed feet, formed rather like those of birds, have 
^See table, p.68. 
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left footprints which are not uncommonly found. The tail 
was flattened from side to side and may have been used in 
swimming, an advantage when rapacious carnivores had often 
to be avoided. 

A CREATURE WITH TWO THOUSAND TEETH 

A mong the American grass-eating bipeds one of the most 
notable is Trachodon, a dinosaur similar in general build 
and appearance to Iguanodon, but having a duck-billed skull 
and webbed fingers. There is no doubt that Trachodon was 
adapted as a swimmer. From a mummified skeleton found 
in the United States, we know the impression of the skin 
and that it consisted of tuberculated areas^ in a definitely 
arranged pattern which seems to indicate that the back was 
darker than the belly. 

The jaws of Trachodon are remarkable for the number of 
teeth, which approached two thousand. All these teeth could 
not be used at once, but the tooth rows consisted of several 
lines of compactly arranged teeth which gradually became 
worn and discarded, while by an imperceptible escalator-like 
movement the new teeth grew up into position. Apparently 
these animals lived on horsetails and coarse grass with a high 
content of silica. 

Many forms closely related to Trachodon became very 
curiously modified in the skull. The growth of the nasd 
bones seem to have run riot, and bony structures like spikes, 
helmets, and cockscombs developed, but all were hollow and 
communicated with the nostrils so that they were perhaps 
adaptations or consequences of living a good deal in the water. 

HOW THE ** TERRIBLE REPTILE*’ LIVED UP TO ITS NAME 

T he flesh-eating dinosaurs do not appear to have been at 
all aquatic and contented themselves with life on land. 
Many of them attained huge size, and with their cruel teeth 
and rapacious habits justified the name of “ terrible-reptile 
which the word dinosaur signifies. 

The commonest English and the oldest-known form is 
Megalosaurus (“ large-reptile **) whose remains, generally only 
fragmentary, have been found in many parts of England as 
well as abroad. In size these creatures were from ten to about 


* Tuberculated areas are areas covered with little tubercles of thick skin. 
We assume that these carry pigment and indicate a colour pattern. 
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twenty feet long, with a skull measuring just about twelve 
inches. The teeth were sharp, flattened from side to side, 
and the fore and back edges were notched like a saw. The 
strong hind-legs and three-toed feet suggest a nimble habit 
on the track of prey. The skin w^as probably (]uite unarmoured. 

In America a form closely similar to Megalosaurus was living 
at the same time, but it differed in having a large horn on the 
nose, from which it has been given the name Ceratosaurus, 
“ homed reptile.” 

The two-footed flesh-eating forms attained their maximum 
in the Cretaceous period, in the guise of the truly terrifying 
Tyrannosaurus (“ tyrant-reptile ”). This enormous creature, 
forty feet from nose to tail end, had a skull four feet long 
and a mouth full of sabre-like teeth six inches high. The 
strong hind-legs contrasted markedly with the feeble front 
limbs with their small but specialised hands. Although this 
is the largest animal of prey that has ever existed, it must 
have been an awkward even though a powerful creature. 
However richly endowed it was physically, it was of low brain 
power, both quantitatively and qualitatively. Immense and 
dreadful as it was, it could no doubt easily be defeated by the 
much smaller mammals of to-day. 

FOUR-FOOTED VEGETARIANS. GIGANTIC AND GROTESQUE 

I T is curious that some time in the Trias, both the grass- 
eating and the flesh-eating bipeds gave rise to quadrupedal 
or four-footed forms. These flourished particularly in the 
Jurassic and Cretaceous periods, and many were gigantic and 
grotesque. The carnivorous bipeds’ four-footed relatives were 
huge, unarmoured, water-living vegetarians. In the quiet 
waters of rivers and estuaries, they lived and moved, feeding 
upon the floating water-weed. In this 'environment, safety 
from enemies was assured, and the placid life was one suited 
to the encouragement of great size. From all over the world, 
we know the remains of these amphibious dinosaurs, or 
Sauropods, which prove them to have attained truly gigantic 
dimensions. Diplodocus, a well-known American amphibious 
dinosaur, attained a length of eighty-five feet. 

The head of Diplodocus was small and the nostrils were 
joined in a common opening on top of the head. The teeth 
were pencil-like and confined to the front of the jaws, so that 
they formed a kind of rake to pull in the water-weed. The 
whole skull was only about the size of that of a horse and 
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looks very inadequate for the long neck, the great elephantine 
body, and the very long tail. 

There is no doubt that, immersed in the waters of lakes, 
lagoons, and estuaries, these creatures would stand with 
heads erect, perhaps thirty feet or more from the bottom, and 
80 long as the nostril opening was over the surface of the 
water, they were not only safe but comfortable, because their 
burden of flesh was eased by the water's buoyancy. They 
probably did not require an immense amount of food, as they 
were cold-blooded and without the energy requirements of 
present-day forms. They laid eggs, too, apparently, and laid 
them on land. For this purpose, therefore, and to change 
from lagoon to lagoon, they would occasionally leave the 
water and lumber awkwardly over the land. 

In North and South America, in Africa, Australia, India, 
and in England, other remains have been found. Some forms 
were taller than, but not quite so long as, Dtplodocus, others 
were somewhat smaller, but all were the nightmarish creations 
of a “ lost world,” creatures of a mechanical complexity that 
we shall not be likely to see again. 

One point of great interest is the fact that these quadruped 
dinosaurs, both amphibious and armoured, possessed unusual 
developments in the arrangement of their nerves. While the 
brain in most of them was ridiculously small and lowly organ- 
ised, the spinal column in the region of the hip girdle was 
greatly swollen and formed a kind of second brain. While 
die brain projier was concerned with sight, smell, hearing, 
etc., this second brain controlled the movements of the heavy 
lim^ and tail. Despite their complexity in this direction, they 
were not intelligent creatures, and were totally unfitted for 
change of environment and alteration of habit. When, there- 
fore, uplift movement of the land, and a consequent draining 
of lakes, etc., occurred towards the close of the Jurassic period, 
all the sauropods of the northern hemisphere died out. 

The four-footed relatives of the grass-eating bip>eds were 
also vegetarians but sought protection from their enemies in 
armour. The early forms, such as Stegosaurus from America 
and Scelidosaurus in England, had merely rows of plates or 
scutes upon the back. Some specimens of Stegosaurus (plated- 
reptile) were over twenty feet long and over five feet high atthe 
hips. Here again there is evidence of slender cerebral orgafri- 
sadon, but accessory brains were developed strongly in the 
spinal cord at the Mps and slightly in flie shoulder region. 
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LIVING TANKS**: THE IMPREGNABLE ‘‘THORNY** REPTILES 

O THER and later forms became armoured like armadillos ; 

they became, in fact, mobile “ tanks ’’ armoured with 
bone instead of steel. The thick skull, the neck with its 
protective collar of bone, and the segmented cuirass of bony 
plates and spikes on the body suggest that when attacked 
the animal merely lay close to the ground and became an 
impregnable armoured citadel. Such a specimen, called the 
“ thorny reptile ” or Scolosaums , is excellently preserved in 
the British Museum (Natural History). It is about eighteen 
feet long and walked with bent elbows and knees, keeping 
the body close to the ground. 

There was another kind of armoured dinosaur which, instead 
of having a plated body, had a bony skull with horns. These 
Ceratopsia (“ horned-faces *’) were remarkably rhinoceros-like 
but were sometimes larger, as much as twenty-five feet long. 
The earliest dinosaurs of this sort that we know came from 
the Lower Cretaceous deposits of Mongolia, where nests of 
eggs and skeletons of young were also discovered. These 
creatures were small, with a beaked skull and a simple scaffold- 
inf of bone from the back of the skull over the neck, to hold 
the muscles for the heavy jaws. 

Gradually, in different geological deposits in North America, 
we can trace the development of larger types where the simple 
structure over the neck has become a great bony and protective 
shield. The climax was obtained in the great Triceratops, with 
its three-homed head, a horn over each eye and one on the 
nose. Here the skull alone was six feet long, but it was con- 
trolled by a brain smaller than a man’s clenched fist. A bird- 
like toothless beak was in front of the mouth, and with this 
the animal cropped the vegetation on <he leafy glades near 
the Cretaceous streams. When attacked, it had only to stand 
fast with lowered head, so that the attacker was in danger of 
being impaled on the three-feet long horns. 

These then were some of the dinosaurs, kings of all the 
continents for a hundred million years ; yet at the close of 
the Cretaceous period they were gone, with most of their 
fellow reptiles of the sea and air, charmed away by an unknown 
Pied Piper, to lie in their rocky fastness till Man could come 
and unravel their long story. When they were gone, the 
world was given over to the few groups of reptiles whose 
survivors constitute the reptiles of to-day, and to the birds 
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and mammals which, now unchecked, flourished and evolved 
to give the dominant faunas of the present. 

THE COMING OF THE BIRDS 

F ossils of birds are rare until comparatively recent times, 
when we see them to be closely related to the living forms. 
We have a few examples in the fossil record, however, from 
the long time that elapsed between their first appearance in 
the Jurassic and the appearance of the modernised kinds. The 
earliest and most interesting one we know is called Arckce- 
opteryXy and is known by skeletons in London and Berlin and 
by a tail in Munich. Fortunately these were preserved in a 
limestone of such fine grain that we know many details of 
their structure. At first sight, it seems that this was a flying 
reptile rather than a bird, for it has teeth in the jaws, three- 
clawed fingers in the wings, and a long but not tufty tail. It 
differed from the reptiles however by the quality of its brain 
and by having feathers. The tail was formed of a series of 
twenty vertebrae each bearing a pair of feathers. 

Of the later flying birds, those of the Cretaceous period, we 
have occasional evidence. From the Cretaceous deposits of 
Kansas, we know of a little bird called IchthyomiSy while from 
the Eocene remains of Nigeria we have the breastbone of a 
bird that must have had a wing span of twenty feet — the 
largest known to us. A large swimming bird of the Cretaceous, 
named HesperomiSy was probably three or four feet long. 
The Cretaceous bircis still had teeth, and some of their 
London Clay (Eocene) successors had tooth-like serrations 
on the jaws. 

NATURE RUNS RIOT: THE HUGE AND 
GROTESQUE MAMMALS 

A t the closing stages of the Age of Reptiles and the time 
of primitive, toothed birds, the mammals were slowly but 
surely evolving. During that time they must have been 
numerous but unobtrusive, for though we have seen that 
they came from their ancestral reptilian stock during the 
aridity of the Trias, it is not until much later, in the Jurassic 
period, and then only rarely, that we find their remains in 
any number. Examination of these early forms shows that 
many of them were marsupials — that is, animals that carry 
their young in their pouches — ^whose protected and isolated 
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descendants constitute the animal {X)pulation peculiar to 
Australia to-day. 

The great era of the mammals is the Tertiary, comprising 
the Eocene, Oligocene, Miocene, Pliocene, and Pleistocene, 
but as the last two of these are concerned essentially with 
Man, we may concentrate on the earlier rimes. However 
scarce or unenterprising the Cretaceous mammals may have 
been, the same cannot by any means be said of their suc- 
cessors in the Eocene, for here we have numerous large forms 
of grotesque appearance and herbivorous habits which strongly 
remind us of the dinosaurs. Here again the constructive powers 
of Nature ran riot and produced great horny skulls and other 
modifications which seem to be the death warrant of the 
creatures they adorn. 

** TERRIBLE-HORN A GIANT WITH ITS WEAPONS 
ON ITS FACE 

O NE of these mammals was called Dinoceras (“ terrible- 
horn ”). It had a body larger than a rhinoceros and 
almost as big as an elephant, supported on pillar-like legs 
with five-toed stumpy feet. The large skull was very curi- 
ously ornamented with three pairs of horns. The first pair 
was on the nose, the second pair stood in front of the eyes, 
while the third was on top of the brain-case. The last two 
pairs were connected by bony ridges and formed a basin- 
shapied depression on top of the skull. In life these horns 
would be covered with skin something like those of a giraffe. 
The teeth were small and adapted for the succulent vege- 
tation of the well -watered lowlands, but the males possessed 
long, dagger-like fangs which must have been for fighting 
and which were protected by flanges on the lower jaw. 

Dinoceras comes from the Middle Eocene deposits found 
at Wyoming, and a very similar but larger form called Tino^ 
ceras is known from the same locality. These and related 
animals are placed in a group called the Amblypoda, or 
“ blunt-feet ” and were hoofed, or ungulate. Although 
specialised and large, they had very small brains. They 
paralleled many of the dinosaurs, and, like them, soon became 
extinct. Brain is always more important than brawn, and they 
were inadaptive creatures. 

A curiously-skulled mammal of the Oligocene times was 
the great, homed Arsinoitherium of Egypt. This animal was 
in some ways related to the Amblypoda, but it had a larger 
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brain and teeth adapted to a less juicy diet, and had no great 
incisors. The skull had two pairs of horns ; one small pair 
over the eyes, and an enormous pair developed from the nose 
bones in front of the eyes. Both these horn structures were 
really hollow hom-cores and were sheathed during life with 
true horn which probably increased their size. Arsinoitherium 
played the part in that ancient world that the rhinoceros plays 
now, and there is little doubt that it had the same sort of 
habits. 

Other curious forms of somewhat later date were also 
rhinoceros mimics and were confined to South America. 
Large in size, about nine feet long, they had heavy bodies, 
feet modified for living on and travelling over the pampas, 
and heavy skulls with extraordinary ever-growing and power- 
ful teeth adapted for cutting and grinding up the plant food. 
Toxodon is a typical example which is exhibited in the British 
Museum (Natural History). 

Another interesting group, also Miocene and later in age, 
is the Chalicotheres, whose remains have been found in 
Africa, America, and Asia. They are related in some degree 
to the horses, and are quite well known in such forms as 
Moropus, This peculiar animal shared the features of the 
ground sloth and the horse. It had clawed feet, suitable for 
digging up such plants and roots as it fed upon ; its head was 
like that of a horse and its front legs were distinctly longer 
than the hind ones. 

ANIMALS THAT HAVE DESCENDED TO THE FARMYARD: 

PIGS AND HORSES 

A t the same time there were living a great number of 
mammals, grass-eating and flesh-eating, whose descen- 
dants are the kinds we know to-day. The grass-eating ones 
were pigs, some of which grew to a considerable size, rhino- 
ceroses, antelopes, okapis, and smallish three-toed horses, of 
which we must write later. The carnivorous mammals that 
preyed upon them were wolves, hyaenas, bears, and the sabre- 
toothed cats. Most of these forms were so much like those 
we know to-day that there is no need to discuss them. The 
sabre-toothed cats, however, are not so well known, and their 
common name is rather misleading. 

They were not true cats, but only related to them, and they 
were certainly not tigers, the name often applied to them. 
Equal to a lion in size, but of slightly heavier build and with 
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shorter and stouter limbs, Macharodus, a typical representative, 
possessed an unusually powerful neck and two tremendous 
fangs in the upper jaw. These fangs were like sabres, wide 
and thin, and had faint saw-like markings on the hinder 
margin. Their use is something of a mystery, for although 
we know that the jaws opened very widely, they cannot have 
opened so widely as to allow these fangs to be used like 
ordinary teetli. JVIost probably they were used to tear the 
flesh and cut the blood-vessels of the victim — to kill, and to 
reduce the food to the proper size. 

This fauna, diverse in characters and widespread over 
Europe and Asia, continued to flourish greatly until the close 
of the Pliocene. I'hen it passed slowly southwards into 
Africa, where much of it, a little modified, remains. Its 
place in the North was occupied by true horses and true 
elephants, and by many kinds of deer, about which something 
must now be said, 

THE HORSE'S LITTLE FIVE-TOED ANCESTORS 

T he evolution of both the horses and the elephants makes 
fascinating stories which have often been told. It is hardly 
correct to call them evolutionary stories because, though we 
know most of the stages, a great many links are not in our 
possession. 

The horses of to-day have specialised teeth and hoofed feet 
which are composed of only one toe. If we go right back in 
the records of the Tertiary age, we can gradually see a series 
in which progressive alteration of the tooth structure and 
reduction of the number of toes has taken place. In the 
Eocene, for example, the first -recognised horse forms appear 
to have been little animals the size of foxes. Like most of the 
other Eocene hoofed-creatures, they were five-toed, and their 
ap|>earance and structure would make it difficult to think of 
them as being related to the horses at all were it not for the 
fact that we know of intervening, later forms. 

In the related forms of the Upper Eocene and later ages, 
we see that not only are the animals becoming larger in size 
but that they are changing the form and shape of the teeth, 
which arc becoming suited to a less succulent diet. The toes 
are only three in number, and the side ones are gradually 
seen losing their connection with the ground. 

In the Pliocene age, a genus named Hipparim was widely 
established, for fossilised remains are known from England, 
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France, Germany, Spain, Italy, India, Greece and Persia. 
Hipparioriy though not quite so large as the typical modern 
species, was in all essentials a true horse, but it had a toe on 
each side of the main, or middle, toe. Gradually these side- 
toes disappeared, becoming the mere splints of bone we know 
in the living horse. 

The true, one-toed, horse is of Lower Pleistocene age, and 
first appears in such widely separated places as Norfolk, Cen- 
tral France, and North America. To-day the wild horses are 
found only in Africa and Asia, while the North American ones 
are extinct. The distribution of horses is now man-made, the 
result of domestication, and the American horses now living 
have been transported there. 

HOW THE ELEPHANT BEGAN: AN ANCIENT EGYPTIAN 
FOREBEAR 

T he elephants now to be found in Africa and India are 
similarly the results of a long Tertiary evolution. They 
appear to be descended from an animal like a tapir, which 
lived in the Fayum in Egypt during the earlier Oligocene 
times, one of the primitive hoofed animals not so distantly 
related to the original ancestor of the horses. This animal is 
named Momtherium and, although in general features there is 
no similarity between its skull and that of the elephant, the 
position of the nostrik suggests that a short proboscis was 
already developed. In both the upper and lower jaws, the 
second incisor teeth are very strongly developed, forming little 
tusks which stretch forwards and so prolong the jaws. 

The next stage is seen in an animal luiown as Palaomastodm, 
which is larger than Moeritherium and already approaches the 
bulk of a small elephant. The skull and jaws show a similar 
advancement, the main features being the reduction of the 
nasal bones and retreat of the nostril opening, the lengthening 
of the incisors or tusks, and the presence of spongy bone in 
the back of the skull. The incisors of the lower jaw come 
together to form a shovel-like extension, and the molar teeth 
in the jaws have three transverse ridges. The next advance 
is to be found in Trilophodon, from the Miocene and Pliocene 
deposits of the northern hemisphere. Here the api>earance and 
structure are much more like those of the true elephant. The air 
cells in the skull have become greatly increased, so that the 
skull is flat and somewhat domed. The upper and lower tusks 
are enormous and the great lower jaw projects far in front of 
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the Upper. The teeth in the jaws have also become modified, 
for the .skull of the adult has no pre -molars as the two molars 
completely fill the available room. Sometimes indeed there 
is only one molar. These molars are large, and the last has 
often so many as five ridges. The shovel tusk arrangement of 
the lower jaw was no doubt used for digging up vegetable food. 

The next stage is Tetraiophodon, found in Germany. The 
skull is much like that of the preceding form, but the teeth 
are more complicated in structure, and the lower jaw does 
not project so far in front of the upper. The lower tusks, too, 
are not close together and the fleshy proboscis would therefore 
hang down and probably was a real trunk, able to reach the 
ground, a feat the lower jaw was no longer able to perform. 
Then in Stegodon we reach the true elephants, for the lower 
incisors are lost and only the upper ones, the tusks, remain. 
The lower jaw is quite short, but the teeth are complex with 
many ridges. v A 

THE FAMOUS MAMMOTH 

S INCE the Pliocene period, many kinds of true elephants 
have lived and are known quite fully. The famous mam- 
moth, of which complete specimens have been found in the 
frozen soil of Siberia, was a gigantic form with enormous 
curved tusks. Its teeth are commonly found and are really a 
series of compressed plates, the development of the ridges 
referred to in the earlier genera. Of all these elephantine 
forms only two, the African and the Indian, are present-day 
representatives. 

The latest animals found in fossil form are mostly allied 
to, if not identical with, the living ones, and only the geo- 
graphical distribution is changed. 

In all these animals, we see that reaction to environment 
has been an outstanding factor, and only when we come to 
the highest of the mammals, Man, do we find one capable 
of altering conditions to suit his own limitations. So, the 
advent of Man, probably in Pliocene times, not only pro- 
foundly affected the contemporary and later faunas and flora, 
but modified some of the age-long natural laws as well. 



NATURE’S SUPREME TRIUMPH 
THE HUMAN MACHINE 


r llE study of Anatomy is the study of the architecture of 
the human body. It is the study of how the house is built 
and what its walls are made of. It does not tell us how 
it works, or any of the intimate details of the family circle that 
lives inside it. This is left to Physiology. However, when an 
architect builds a house, he must be certain that it will not 
collapse on its inmates, and for this he must know many things 
about the materials he is using, and how best they can be put 
together in order that each may be used to the best advantage. 

Anatomy by itself is only the study of the geography of the 
body, but we shall find it much more interesting if we do not 
confine ourselves strictly to this, but always keep in mind the 
use and “ team work ** of each organ that we study. The intimate 
family affairs, however, we will leave to the next section on 
Physiology. 

L et us start with the bones or skeleton, without which we 
u/should collapse into an indeterminate mass of jelly. The 
bones serve several purposes, for they are not only used to 
keep us rigid and to support our weight, but also as levers 
upon which the muscles can work so that we can move about 
and do all that we want to do. The two essentials that an 
engineer would require in a support and a lever would be 
lightness and stren^, and it will be found that this holds 
good in the body, for most of our bones arc hollow tubes, 
the outside of which is hard like ivory while the inside con- 
tains a substance which is used for making blood. Nature is 
never wasteful of space. Lightness and strength are com- 
bined, therefore, for everyone knows that it is almost as 
difficult to bend a hollow steel tube as to bend a solid rod of 
steel which would weigh perhaps six times as much, while 
it would certainly not be six times as strong. 

Each bone must be movable and must be moved with the 
least possible amount of difficulty. To accomplish this, the 
ends of the bones that are jointed are covered with a very 
smooth substance called cartilage, while between the two 
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cartilage-covcrcd ends of the bones lies a small space which 
is filled by fluid that serves the purpose of “ oiling the 
bearings,” Sometimes when the joint is damaged, this fluid 
collects and distends the joint and the familiar condition of 
“ water on the knee ” is found. 

A joint must not only be freely movable but it must also 
be strong and i|^usi not be easily dislocated. Therefore 
between the two bone ends are strong bands of ligaments 
which prevent the bone ends being separated, because they 
are made of tissue which will not stretch unless subjected to 
enormous force. T'he ligaments are collected together so that 
they form a sort of sleeve for the joint, which is thus con- 
verted into a closed cavity from which the joint fluid cannot 
escape. 

Each joint is made specially for some particular purpose. 
Some, like the shoulder where free movement is necessary, 
have had to increase their power of movement at the expense 
of their strength, whereas others, like the joints in the spine 
where only the smallest movement is allowable, have become 
immensely strong. 

Movement between the bones is effected by the muscles. 
Each muscle is firmly attached to the bone on each side of 
*a joint. If the muscle contracts or becomes shorter, its two 
points of attachment will be brought closer together and 
therefore the joint will be moved. The muscles are used for 
two purposes, one of which is to move the joints and the 
other to keep them still and rigid and to prevent movement 
when the limb is being used as a support. 

Let us take for example the knee joint, which is used chiefly 
for supporting the body when we are standing. If the muscles 
at the back of the knee contract, the knee will be bent, while 
if those in front contract, the knee will be straightened. If, 
however, both contract at the same time, not only will no 
movement take place but the knee will be made into a perfectly 
rigid support, just as if the knee joint did not exist and the 
two bones were continuous. 

THE LEG: A TRIUMPH OF ENGINEERING 

T he legs must be capable of sufficient strength to support the 
body, they must be movable to allow walking and running, 
and they must have some “ spring ” in them to prevent jarring 
of the delicate mechanisms of the body when, for c:Uix*iplc, a 
jump is made. Let us start at the foot and work upward. 
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If the skeleton of the human foot is examined, it will be found 
to consist of a large number of small bones closely held together 
by very strong ligaments. These bones are so arranged that 
they form a series of arches, all of which are capable of being 
slightly flattened out if weight is put upon them, by virtue of 
the slight amount of movement allowed at each joint. It is 
* this power of being slightly flattened out and then returning 
to their original shape that gives our feet tne “ spring that 
protects our nervous systems from excessive jolting. 

There is an arch which runs along the inner border of the 
foot from the heel to the big toe, another on the other side of 
the foot from the heel to the little toe, and a third which runs 
across the middle of the foot transversely. This last is only 
half an arch and is made into a complete arch by the other 
foot when both are placed together side by side. 

In order to prevent the arch from falling in and its good 
eflPects being abolished. Nature has been most ingenious in 
her provisions and has worked according to the best engineer- 
ing principles. First, she has so arranged the shape of the’ 
bones that they fit closely one into the other like the bricks' 
on the lower surface of a bridge. Secondly, she has fixed very , 
strong ligaments, incapable of stretching, between the bones 
forming the arch. The important thing is that these are 
situated on the under surface of the arch where they are most 
useful in preventing its collapse, and not on the upper surface 
where they could do no useful work. 

Thirdly, a “tie,” composed of muscles and ligaments, has . 
been fixed to the pillars of the arch, preventing their separation 
and the collapse of the superstructure. Fourthly, and last, 
two straps composed of the tendons of two muscles have 
been passed under the keystone of the arch in order to hold 
it up. These two muscles come down to the foot from the 
back of the leg so that they work to the best possible mechani- 
cal advantage. 

It will be noted that much of the power of the arches to 
withstand strain depends on the muscles which are always 
exerting a slight pull upon them. This continual action of the 
muscles is known as “ tone.” If by any chance the muscles 
become weak or exhausted by a bad attitude in standing (as, 
for example, when the toes are turned out), they may be 
incapable of holding the arch up, when the ligaments, after 
a time, will stretch and the condition known as flat foot will 
develop. Of course, the proper way to cure such a condition is 
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not by wearing specially built shoes, but by making the muscles 
more eificient by exercise. 

THE HINGE THAT ALLOWS US TO BEND OUR LEGS 

T he only movement that is necessary, or indeed desirable, 
at the knee joint is one in which the lower part of the leg 
moves forw^ard and backward on the thigh like a hinge. Side- 
ways movement must be avoided at all costs and the joint 
must be very strong. Sideways movement is prevented by the 
shape of the bones and by very strong ligaments which lie on 
each side of the joint. The ligament in front has a large, flat 
circular bone developed in it, upon which we kneel. The liga- 
ment behind is not so strong, for it has little strain to bear. 

Inside the joints there are two very strong ligamentous 
bands which cross one another at right angles, and they are 
sjjecially adapted so that, although they prevent dislocation 
under almost all circumstances, they still allow the hinge 
movement to take place. The upper surface of the tibia, 
which is the lower bone, is almost flat, and in order to make 
this more cup-shaped and the joint more stable, two flat, 
circular rings of cartilage with a hole in the centre and with 
their outer edges thicker than their inner edges have been 
placed between the bone ends. Sometimes, as in a “missed 
kick ** at football, a little piece of one of these cartilages 
becomes broken off and sticks in an awkward place inside 
the joint, preventing all movement. This is the tom cartilage 
that is such a common accident of the football field. 


WHY MAN CAN WALK ON TWO LEGS 

T he upper end of the thigh bone is formed into an almost 
completely circular globe, covered with smooth, shining 
cartilage. This globe fits exactly into a perfect cup, which 
is situated on the outer side of the hip bone or pelvis. This 
joint is one of the most important in the body, for it is by 
means of this very strong but yet movable joint that the 
erect attitude has been made possible in man, as opposed 
to walking on all fours as most of the animals do. This has 
been achieved by fitting the ball into a very deep socket and 
by placing a very strong ligament which is nearly a quarter 
of an mch thick on the front of the joint between the hip and 
thigh bones. This prevents the thigh being bent backwards. 
If, therefore, the muscles at the back of the hip contract, they 
will have to work in opposition to this ligament and, when 
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balance between them has been made, the hip joint will be 
immovable and the body weight will be carried with the 
least amount of difficulty. 

In the work she requires of us in standing, Nature has 
again been most economical. The ability to stand has indeed 
been man’s great salvation, for it enabled him to use and 
develop his hands for other things betides being walked upon. 
The original use which was made of his hands was for climbing 
trees, but once this was accomplished, many other uses were 
readily found, and it has been said that it was this that led to 
the enormous development of the human brain as compared 
with that of the lower animals. 

The hip bone or pelvis is in two halves, which when fitted 
together form a basin. In front the two halves meet one 
another in a joint, but behind the lower part the spine comes 
between, and between each hip bone and the spine there is 
a joint. Here the requirements of the joints are quite differ- 
ent from those in the limbs, for great strength is required 
while movement, except to a minimum degree, is most 
undesirable. What is wanted is stability. To suit these 
principles, the joints have been modified and the ligaments 
are enormously strong, while the cartilaginous surfaces of 
the bones which were smooth in the limb to diminish friction, 
are here roughened to increase it. The joints between the 
lower part of the spine and the pelvic bones are very neatly 
contrived, for the spine, which transmits the body weight, 
is wedge-shaped in its lower part and fits into the wedge- 
shaped socket formed by the two pelvic bones. The weight 
of the body will, therefore, tend to drive the wedge further 
into the socket. 

Within reasonable limits, therefore, the greater the weight 
to be borne the more stable does the joint become. The pelvis 
is one of man’s great difficulties, for through it his head must 
pass during birth. Owing to the large size of the human head, 
which results from the growth of the brain, birth is made very 
difficult, and in some rare cases impossible, because the pelvis 
is too small to allow the head to pass. Nature allows for this, 
however, for she softens the ligaments at the joints we have 
mentioned and allows the surfaces to separate before the birth 
of the child takes place. 

The muscles lying in the pelvis are of extreme interest, for 
when man was a four-footed animal, his body lay horizontally 
and certain muscles in his pelvis were used for moving the 
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lower part of his spine, which was, of course, his tail. When 
he learnt to stand, however, he was in extreme danger, for 
he possessed nothing in his pelvis which was capable of pre- 
venting his intestines falling through it. He soon learnt, 
however, to control them with the muscles that originally 
wagged his tail, and these have now been formed into a 
complete diaphragm which closes the outlet <^f the pelvis 
and holds up the viscera. 

THE SPINAL COLUMN: A SHOCK ABSORBER FOR THE BRAIN 

T he main function of the spine is to support the head and 
to act as a shock absorber to prevent jarring of the brain 
and the spinal cord. It also forms a tube which protects the 
delicate nervous elements of the spinal cord from injury. In 
the child the vertebral column is composed of thirty-three 
separate bones, but in the adult, the lowest four vertebra.*, 
which were originally the tail, have become fused together 
to form the coccyx and the next five have joined together to 
form the sacrum. 

In the adult, therefore, there are twenty-six separate bones. 
Each bone is joined to the one above and below it by a thick 
disc composed of gristle, which acts as a shock absorber. The 
discs are so thick that altogether they form nearly one-quarter 
of the whole length of the spinal column. Each vertebra is 
connected with its neighbour by ligaments so that very jittle 
movement is allowed at each joint, although when all the 
movements are added together, the possible movement of the 
spine as a whole is very considerable. 

When viewed as a whole, the spine will be found to have 
several curves in its different regions. The neck has a convexity 
forwards, the chest is concave forwards, the region of the 
abdomen has a convexity forwards and the sacrum is hollowed 
out towards the front. Again the reason for this is to prevent 
jarring, for it enables the vertebral column to coil and uncoil 
like a spring in bearing the weight of the head and shoulders. 

Each vertebra is shaped like a ring, the front of the riug 
being much larger than the back and forming a body which 
articulates (i.e. is connected by a joint) with the one above 
and below it. There are also small joints between the back 
of the rings. All these rings together form a tube in which 
is contained a continuation of the brain known as the spinal 
cord. Betv^een each vertebra there is a small hole through 
which nerves leave or enter the cord. Delicate lig^ents 
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stretch from the side of the cord and connect it with the 
insides of the vertebral tube, while the cavity is filled with a 
fluid called the cerebro-spinal fluid. Both these mechanisms 
act as a buffer and prevent jarring. 

BONES WHICH FORM A CLOSED BOX 

A S can be seen from a glance at a picture of the skeleton, 
the ribs are long, flat, curved bones which are connected 
by joints with the vertebral column behind and in front 
with the sternum or breast bone. Only the upper seven ribs 
are articulated (or jointed) directly with the sternum, for the 
lowest two have their front ends free and are known as 
“ floating ** ribs, while the rejnaining three have their front 
ends attached to one another and to the sternum by long 
pieces of cartilage. 

It is important to notice the direction of the ribs, which 
is downwards and forwards, for this gives the whole clue as 
to how they work. Taken as a whole the ribs, sternum and 
spine form a closed box which is called the thorax. The 
intervals between the ribs are filled with muscles which are 
capable of varying the capacity of the chest and thus make 
breathing possible. The interior of the thorax is filled with 
the heart and great vessels and with the lungs, which may 
be compared to a sponge filled with air. If the capacity of 
the chest is increased by the action of the muscles, the lungs 
must also expand and increase in size to fill the now greater 
thoracic cavity. In so doing they suck air in through the 
nose and down the windpipe or trachea. 

It will be seen, therefore, that the essential thing in breath- 
ing is to make the capacity of the chest greater. This is done 
by the muscles which lie between the ribs, for their action is 
to raise the ribs and especially their front ends, together with 
the sternum. If the front ends of the ribs, which lie normally 
lower than their posterior ends, are raised, the distance from 
the front of the chest to the back is increased and so the size 
Oi the chest cavity is also increased. At the same time the 
muscles turn the lower edges of the ribs outwards so that 
again the capacity of the chest is increased. 

The rising of the ribs is not the only way in which the 
capacity of the chest is increased, for there is a great sheet of 
muscle, called the diaphragm, which is fixed in a circle all 
the way round the lower part of the thorax and separates it 
from ^e abdomen. When this muscle contracts it pulls 
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itself downwards out of the thorax into the abdomen, thus 
increasing the depth of the chest from top to bottom. This is 
the whole mechanism of respiration reduced to its simplest 
terms. 

HOW OUR SHOULDERS ARE KEPT APART 

T he collar bone or clavicle is long and nearly straight and 
acts as a strut, preventing the shoulders from passing 
inwards towards the midline. In some of the very rare cases 
where these bones are absent the two shoulders, if pulled 
forwards, can be made to meet together in the front of the 
chest. The inner end of the clavicle articulates with the upper 
end of the breast bone which has already been mentioned, 
while its outer end is in contact with the shoulder blade or 
scapula. This bone is flat and lies on the back of the upper 
part of the thorax. Although there is no joint between it and 
the chest wall, it is capable of moving upwards or downwards 
and it can slide forwards, thus enormously increasing the 
mobility of the shoulder. At the outer end of the scapula is 
a shallow cup-shaped depression covered with cartilage, 
which forms a joint with the humerus (the bone which forms 
the upper part of the arm). 

The shoulder joint is of the ball-and-socket variety, but 
unlike the hip joint, where great stability is desirable and 
the cup is exceedingly deep, here the cup is shallow in order 
to increase the possible movement. Of course this means 
that the joint is relatively weak and in practice it is the joint 
which is most frequently dislocated. However, Nature has 
been very careful, for above the joint are two strong, bony 
processes bridged by a thick ligament which prevents tlie 
arm being raised from the side of the body to more than a 
right angle, for it is this movement that causes dislocation. 

We all know, however, that we can raise our arms above 
our heads, so this movement must come from somewhere 
else besides the joint. Actually it is possible because the 
shoulder blade can rotate on the chest wall. Here again, 
therefore. Nature has so contrived matters that a maximum 
amount of movement can take place with the least possibility 
of damage being done. 

THE DELICATE ADJUSTMENTS OF HAND AND ARM 

L ike the knee joint, the elbow is a hinge and though less 
^complicated than the knee it presents some difliculties, 
as three bones enter into its formation. These are the humerus 
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above, and the radius and ulna below. The two latter form 
the bones of the forearm and the radius is on the thumb side 
and the ulna on the side of the little finger. The object of 
this joint is not only to allow the forearm to be bent but also 
to allow it to i^tate on itself so that the palm of the hand may 
be turned up or down. This is accomplished by making the 
bone on the thumb side of the forearm (the radius) articulate 
both with the humerus and with the ulna. 

The upper end of the radius is a thick, circular disc, saucer- 
shaped on top and with both its top and sides covered with 
smooth cartilage. The saucer fits exactly on to a round knob 
on the lower end of the humerus, and the rim is surrounded 
by a sleeve of thick ligament with a very smooth inner surface, 
thus enabling rotation to occur very easily. This sleeve of 
ligament binds the radius to the ulna and helps to prevent 
damage to the joint. 

The main function of the elbow, however, is to allow the 
arm to be bent so that we can feed ourselves. It must also 
be a strong joint so that we can carry things. These HWo 
necessities have been fulfilled by making the upper end of 
the ulna into a hook that looks like the curve on the top of 
a question mark. The more or less cylindrical lower end of 
the humerus fits into the hook horizontally and there is a 
very strong muscle holding it down into the hook and pre- 
venting its dislocation forwards. This arrangement allows the 
arm to be bent forwards but prevents bending backwards and 
in addition the hook prevents the elbow from being “ pulled 
out ” of joint when, for example, a heavy weight is carried. 

HOW THE HANDS OF MAN AND ANIMAL DIFFER 

T he hand, as we have said already, was originally used for 
walking upon when we were four-footed animals. In 
the course of evolution it started to be used for climbing 
trees. The great difference between the hand of man and 
the apes and that of the lower animals like the dog is that 
the thumb is “ opposable ” to the other fingers. This means 
that the front surface of the thumb can be brought to meet 
the front of any of the other fingers so that we can pick objects 
up and grasp them. This action was used first for grasping 
the branches of trees in climbing but it soon came to be used 
for picking things up. 

In this connection the activities of a monkey are interesting, 
for this animal is notoriously one of the most curious of 
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beasts and will pick up and inspect an^^ing it can lay its 
hands on. Climbing trees came first and then came curiosity 
and the ability to pick up and inspect. As movement depends 
on the action of the muscles, which are themselves told to 
move by the brain, all these new movements necessitated that 
the brain should become bigger and more efficient. The 
brain of the monkeys and apes is much bigger in proportion 
to their size than the brain of other animals, but the brain of 
jnan is much bigger still, and, of course, much more useful. 

Only a few points in the anatomy of the hand can be given, 
for the subject is very long, although it is absorbingly interest- 
ing. If we look at the skeleton of a hand we shall see that 
beyond the two bones of the forearm are a collection — actu- 
ally two row^s — of small, irregular bones closely bound together 
by ligaments. These bones articulate at the wrist joint with 
the lower ends of the radius and ulna. Articulated with these 
bones are five small, long bones radiating like the spokes of 
a wheel and known as metacarpals. These together form the 
palm of the hand. With each metacarpal articulates a finger, 
each of which is composed of three bones, one beyond the other. 

At the wrist joint the movements possible arc those of 
bending the hand forwards and backwards, and to a slight 
degree from side to side. Rotation, or twisting of the hand, 
if incorporated in the same joint, would have made it weak, 
so it has been relegated, as we have seen, to the joints between 
the radius and the ulna. 

The muscles which work the fingers are nearly all situated 
in the forearm where their fleshy bellies arise from the radius 
and ulna, both on the front and on the back of the two bones. 
As these muscles pass downwards to the hand, they become 
thinner and smaller to economise space and form long in- 
elastic bands or tendons. They cross the wrist joint on its 
front and back and eventually are fixed to various points on 
the front and back of the fingers. When these muscles con- 
tract they have two actions, one on the fingers and one on 
the wrist. Those in front bend the wrist forwards and make 
the fingers curl up ; those on the back bend the wrist back- 
wards and straighten out the fingers. 

THE MECHANISM THAT ENABLES US TO GRASP THINGS 

I F an object (such as a pencil) is grasped tightly with the 
fingers (not with the thumb), or if “ a fist is made as in 
boxing, it will be foimd that the wrist is bent backwards. 
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This is an essential of a good grasp and well illustrates the 
team work which the muscles must accomplish before they 
can act in a useful way. First the extensor muscles on the 
back of the forearm extend — that is, bend backwards the wrist 
so that the flexors on the front of the forearm can get a better 
pull on the fingers. This is the reason why the grasp is weak- 
ened when a broken wrist heals badly so that the extensors 
cannot do their work properly. 

Flexion of the fingert and extension of the wrist are only^ 
one aspect of the mechanism of grasping and are done mainly 
by muscles lying in the forearm. The other activity which is 
so essential is opposition of the thumb, and this is accomplished 
by the actions of small muscles which lie in the palm of the 
hand. The bone which forms the end of the thumb nearest 
to the palm is so shaped that it can rotate or turn inwards 
and under the influence of the muscles the sensitive pads of 
each of the fingers can be met by the pad on the front of the 
thumb. This not only enables things to be picked up but as 
the sensitive pads are brought together we can tell by feeling 
alone the shape and texture of an article picked up. 

An interesting point in the human hand is that whereas 
in the lower animals the flexors and extensors of all the fingers 
are combined into one single muscle so that all work together, 
in man and the apes the muscles of the thumb and forefingers 
are. separate and so these fingers can move separately, witli an 
obvious increase in skill. Such movements as tying a knot 
in a piece of string would be impossible if all our fingers 
moved together. That the other fingers move together can 
be seen at once by anyone who tries to make his fourth finger 
curl up alone. It is impossible, except for one who has long 
practised it, the middle and little fingers always move with it 
because the muscle controlling them is the same. 

Much of our skill would be lost if we could only curl up 
our fingers under the influence of the flexor muscles. Writing, 
for example, would be impK>ssible. Before this complicated 
and highly-skilled action can take place we must be able to 
keep our fingers nearly straight and yet have them bent at 
right angles to the palm at the knuckles. Special muscles 
lying in the palm have been evolved for this, their action being 
to l^nd the fingers at the knuckle^ and yet keep the fingers 
themselves straight. These are only a few of the interesting 
features of our hands, but sufficient has been said to illustrate 
their intricacies and to give an idea of how they work. 
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THE JOURNEY OF THE BLOOD 
THROUGH THE BODY 

B efore the inter-relationships and anatomy of the various 
organs of the body can be fully understood a working 
knowledge of the system which carries blood and nourish- 
ment to evety part of the body must be discussed. The 
vascular system comprises the whole of this apparatus, and 
in it are included the heart, the arteries wliich convey 
pure, nourishing blood from the heart, the capillaries (or 
fine veins) where the nourishment is given off to the tissues, 
the veins which convey blood back to the heart, and a special- 
ised system of vessels called the lymphatics. The system is 
really a closed circle, or rather two circles, as we shall see 
later, with the heart at the centre driving blood round and 
round. 

. If we start with the impure blood returned to the heart by 
the veins we find that it passes successively tlirough two 
chambers situated in the right side of the heart and thence 
by the pulmonary artery to the lungs where it is purified and 
saturated with oxygen. After leaving the lungs it passes by 
the pulmonary veins back to the heart, where after traversing 
two chambers in the left side of the heart it leaves by the 
great artery called the aorta and finally reaches the tissues by 
passing through the smaller arteries. After supplying the 
tissues with oxygen it becomes impure and is carried back 
by the veins to the heart and lungs for purification. 

It will be seen that in the greater part of the body the 
arteries contain pure blood and the veins impure blood. 
The arteries may be compared with the clean water supply 
of a town, while the veins are the sewers. In the lesser circu- 
lation — that is the part in which the lungs are interposed — 
the reverse is the case, for the pulmonary artery contains the 
impure blood and the puknonary vein the pure blood. After 
this general discussion we can now start on a consideration 
of each separate part. 

THE ROUTES BY WHICH BLOOD TRAVELS TO THE HEART 

I F we start with the capillaries to which blood is brought 
by the arteries, the microscope must be used, for they are 
exceedingly small. Every organ in the body is riddled with 
these tiny tubes which are the means of nourishing the tissues. 
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Their walls are excessively thin, for they are composed 
of flat cells which lie only one cell deep so that a kind of 
pavement is formed, so delicate that nourishment easily 
passes through it. Further on the capillaries join together, 
forming larger vessels which in their turn join until even- 
tually quite a large vein is formed. Veins from all parts of the 
body converge upon the heart, becoming larger and larger 
as more tributaries enter them. Many of these veins have 
special names, but only a few need be mentioned here. 

Blood coming to the heart from the head is carried by the 
jugular veins, internal and external. These join on each side 
with veins from the arm called the subclavian veins, forming 
the innominate veins, right and left. Later the right and 
left innominate veins join together to form the vena cava 
superior or great vein of the upper part of the body, which 
directly enters the heart. 

From the lower part of the body a vein from each leg — 
the femoral vein — after passing into the abdomen from the 
thigh and receiving many tributaries, joins with its fellow 
of the opposite side to form the inferior vena cava or the 
great vein of the lower part of the body. This vein lies in 
front of the vertebral column in the posterior part of the 
abdomen and runs directly upwards until, after receiving 
impure blood from the liver, it pierces the diaphragm and 
immediately enters the heart. We have now, by devious 
routes, brought all our blood back to the heart, so we must 
next proceed to describe this organ in detail. 

WORK IN THE PUMPING-STATION OF THE HEART 

T he heart is divided into two parts — ^right and left — ^by 
a partition or septum which runs down the middle. 
Each part is further subdivided into two cavities called 
auricles and ventricles. The auricles are thin-walled muscular 
chambers which receive blood from the veins and pass it on 
to the ventricles. The ventricles are thick-walled and contain 
very strong muscles which form the main pumping-station 
of the heart and drive the blood all over the body. 

Starting with the right auricle, this cavity has two large 
openings in its right wall, namely the superior and inferior 
venae cavse. In addition there is a small opening — ^the coronary 
sinus — ^which conveys venous blood from the heart itself 
back to the right auricle. After passing through the auricle 
the blood enters the right ventricle through the valve called 
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the tricuspid valve. This structure is interposed betv^^een 
the auricle and the ventricle in order to prevent the blood 
regurgitating back into the auricle wlien the ventricle con- 
tracts. 

The valve is composed of three thin membranous cusps 
which meet accurately at the centre and form a completely 
watertight joint when the valve is closed. Each tusp is like 
an umbrella with the convex surface upwards so that blood 
can flow freely over it when the auricle contracts, lint concave 
on its ventricular surface so that, under pressure, the ventri- 
cular blood catches under it and closes it. The working of 
the valve is purely automatic and is under no sort of control. 
It depends solely on the difference in pressure in the two 
chambers. The sequence of events is as follows : 

The auricle is distended with blood entering it from the 
veins ; it then contracts and the pressure rises sufficiently 
above that in the ventricle to force the valve open. The 
blood then passes into the ventricle which, in its turn, contracts, 
and when the pressure inside it rises sufficiently high the 
valve automatically closes, preventing the blood from flowing 
back into the auricle. 

It might be thought at first sight that the valve would 
itself be turned inside out under the pressure. Nature has 
guarded against this by providing thick strands of fibrous and 
muscular tissue which stretch from the wall of the ventricle 
to the under surface of the cusps. The umbrella shape of the 
cusps and their inelastic nature also tend to prevent this 
movement which would be so disastrous. 

Having been filled with blood by the contraction of the 
right auricle, the right ventricle contracts and drives the 
blood through another valve into the pulmonary artery 
which leads to the lungs. The muscular wall of the right 
ventricle is much thicker than that of the auricle, for it has to 
pump blood all round the lungs. Its thickness, therefore, is 
a response to the greater amount of work it must perform. 
The pulmonary artery divides into ever smaller and smaller 
vessels until the capillaries lying in the walls of the air sacs 
of the lungs are reached. Here the blood is re-oxygenated and 
collected into the pulmonary veins which lead the blood back 
to the heart by entering the left auricle and pouring the 
purified blood into its cavity. 

The cavities of the left auricle and ventricle show no very 
marked differences from those on the right side of the heart. 
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As might be expected, however, the wall of the left 
ventricle is many times thicker than that of the right, for 
whereas the right ventricle pumps blood only through the 
lungs, the left must be sufficiently strong to force it through 
the whole of the remainder of the body. 

THE VESSELS THAT SUPPLY BLOOD TO THE BODY 

T he left ventricle pumps blood under pressure into the 
aorta, which is the great main artery that leads blood 
from the h^art and delivers it to the whole of the system. 
Just from the point where the aorta leaves the heart arise two 
arteries of moderate size which are two of the most important 
arteries in the body, for they supply the heart. They are 
known as the coronary arteries, right and left, because they 
run round the top of the heart like a crown. Should one of 
these arteries become suddenly blocked death will ensue 
immediately. This is the cause of death in those cases where 
a man suddenly falls down dead in the middle of the street. 
Blockage of certain arteries in the brain will cause immediate 
unconsciousness and death at a later date; but there is nothing 
which will strike a man down and kill so rapidly as blockage 
of the arteries to the heart. It is indeed a sudden visitation 
of the Angel of Death. 

After giving off branches which supply the arms (the sub- 
clavian arteries) and the head and brain (the carotid arteries) 
the aorta turns downwards and, passing down the back of the 
chest in front of and to the left of the vertebral colunm, it 
enters the abdomen. Here it gives off large branches which 
pass to supply the liver and intestines, and eventually the 
main stem divides into two branches which pass one to each 
leg, and are known as the femoral arteries. 

THE PULSE: THE HEART’S SECOND GEAR 

tjerhaps the best-known artery of all is the radial, for it 
Jr is from this artery that the pulse rate is commonly esti- 
mated by doctors. It lies on the thumb side of the wrist and any- 
one can easily feel the pulsations that are transmitted to it 
from the heart. The value of the pulse can at once be seen 
when it is realised that it gives an immediate indication of the 
rate at which the heart itself is beating. Whenever the heart 
is working under difficulties, when it is itself diseased or 
when it suffers with the body in general during fever, it goes, 
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as it were, into second gear and beats more rapidly. At each 
beat it need not pump out so much blood, as it is working 
faster. The result is exactly the same as that attained when 
a car goes uphill in second gear. The work done eventually 
is the same, but it is done with less strain on the engine. 
The normal pulse rate of an adult is about 70 to 80 beats per 
minute. Anything over 90 is usually^ an indicatii)n that the 
heart is in difficulties and must be rested by keeping the 
patient in bed. 

The larger arteries that we have mentioned so far divide 
continually until finer and finer branches are reached. These 
lead eventually into the capillaries where the blood is at last 
made use of. This continual division into smaller vessels 
means that when the blood comes to be used the surface of 
the blood that is available for the interchange of nourishment 
with the tissues is enormously increased. Some enthusiast 
has worked out that the surface which the blood presents in 
the capillaries of a medium-sized muscle, such as the biceps, 
corresponds to something like ten whole pages of The Times, 

THE VESSELS THAT CARRY FOOD TO THE LIVER 

W E have now discussed the circulation in general, but 
we have yet to mention a small but important system 
of vessels known as the portal circulation. In the section on 
Physiology we shall see that food, after it has been digested, 
is absorbed into the capillaries of the intestines. These capil- 
laries, as they do everywhere else, gather themselves into 
veins which form eventually a large vein known as the portal 
vein, which enters the liver. This vein conveys to the liver, 
which is the storehouse and factory of the body, the blood 
which contains the food. 

The portal vein breaks up into capillaries again inside the 
liver and blood comes in contact everywhere with the liver 
cells which extract the food and make it up into new products. 
The blood is then re-collected in a further set of veins which 
enter the inferior vena cava, and from there it soon reaches 
the right side of the heart. 

The liver, therefore, is an unusual organ, for it has three 
sets of blood vessels whereas other organs have only two. 
Arterial blood brings oxygen which enables it to live, and the 
veins carry off the impure blood. In addition the portal vein 
brings food from the digestive tract which serves the special 
functions of the liver. 
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THE LYMPHATICS I THE FIRST LINE OF DEFENCE 

B esides the blood vessels there are small vessels which 
carry a watery fluid known as lymph. This serves quite 
a different purpose from that of the blood. Lymph spaces 
lie between the cells all over the body and they communicate 
with tiny vessels which collect the lymph and pass it on even- 
tually into the veins. • The lymph vessels open into a large 
lymphatic channel known as the thoracic duct which lies in 
the chest and which passes up into the neck and discharges its 
contents into the subclavian vein where they enter the general 
blood circulation. Some of the l)rmph vessels that enter the 
thoracic duct come from the intestines and they carry the fat 
that has been absorbed during digestion, so one function of 
the lymphatics is to convey food into the blood stream. 

A further reason for their existence is to protect the body 
from the invasions of germs or bacteria. Before they enter 
the subclavian vein, all the lymphatics have to pass through 
a series of filters known as lymph glands which strain off any 
foreign bodies or germs which may be present in the lymph 
and destroy them. Thus, if a few germs gain entrance to the 
body through a small cut on the foot, the germs will be carried 
into the lymphatics and held up at the groin where the main 
lymph glands are situated. If the glands are sufficiently 
strong they will destroy the bacteria, but if the germs are 
numerous and virulent they may cause inflammation of the 
glands which will then become enlarged and inflamed or may 
even form an abscess. 

WHAT A SWOLLEN LYMPH GLAND SUGGESTS 

T he lymph glands do their best, and even if the germs are 
not destroyed or an abscess forms, the glands have localised 
the infection and prevented it from spreading all over the body 
where it would be much more dangerous. A swollen lymph 
gland will always suggest that there is some sore in the region 
which the glands drains. Thus, swollen glands in the neck 
are often the result of inflamed tonsils, swollen glands in the 
armpit are caused by sores on the arms or breast, and swellings 
in the groin arise from trouble in the feet or legs. Swellings 
in the groin can easily be felt under normal circumstances 
by anyone who searches for them, for they are much larger 
than the glands in any other part of the body, and are the 
only ones that are large enough to be felt in the ordinary way. 
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HOW THE BODY IS VENTILATED 

W E have talked of the mechanism by which air is drzwn 
into the lungs by enlarging the diameters of the chest, 
and we must now describe the passages which convey the air 
down to the lungs. During normal breathing air is first 
drawn into the nose which has a special action in warming 
and moistening the air and clearing it of some of its larger 
impurities before it reaches the delicate tissues of the lungs. 
When the air enters at the nostrils, it finds itself in quite a 
large cavity whose depth is represented on the front of the 
face by the distance from the nostrils to the bridge of the 
nose. 

If you can imagine a cavity as deep as this and perhaps one 
and a half inches from side to side, extending directly back- 
wards until it joins with the cavity of the mouth, you will 
have quite a good idea of the anatomy of the nose. This 
cavity is divided into two by a partition which nins from the 
roof to the floor and completely separates one side from the 
other. At the entrance of each nostril there are a large number 
of very stiff hairs which strain off any particles such as soot 
which might be breathed in. 

The side wall of each compartment of the nose is thrown 
into a number of large folds which greatly increase the surface 
which is presented to the air passing over it, and as they pro- 
ject inwards towards the partition they take up a lot of room 
and in places almost touch it. The whole of the interior of the 
nose, including these folds, is covered with a thick, velvety layer 
of mucous membrane which is very thickly supplied with blood 
vessels. It is called mucous membrane because it is a mem- 
brane made up of cells that secrete a thick viscid fluid known 
as mucus. As the mucous membrane is well supplied with 
blood it is always kept warm and the mucus secreted keeps it 
soft so that the air passing over it has the chill taken off and 
is moistened. 

In addition some of the dirt carried in with the air adheres 
to the mucus and is discharged from the nose when next 
it is blown. That this is so is well shown by the difference 
in the dirt on our handkerchiefs after a day spent in the 
smoky atmosphere of a large city and that found after a 
day spent in the country. It must be realised that all this 
filth would have entered the lungs, where it might have done 
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considerable damage, if it had not first been removed by the 
nose. 

The nose is, of course, one of the main places where germs 
enter the body, and considerable numbers are caught and 
held up in the mucus which covers its surfaces. Very fre- 
quently these are germs which cause trouble and a cold in the 
head is the result. When this happens the mucous membrane 
of the nose becomes swollen, so much so that the nose is 
blocked and breathing through the nose becomes difficult or 
impossible. At the same time the flow of mucus is greatly 
increased so that large numbers of the disease-producing 
germs are washed away in it. 

THE SECRET OF A NASAL" VOICE 

W E have seen that the nose communicates at the back 
with the cavity of the mouth. The posterior part of 
the floor of the nose is formed by a muscular sheet known a.** 
the soft palate. When this is pulled up, it shuts off the back of 
the nose from the mouth so that when we swallow fluids they 
cannot enter the nose and flow out through the nostrils. 

Leading out of the cavity of the nose are quite a number 
of fairly large cavities, whose function it is to make the sounds 
formed by the larynx reverberate, so that the voice takes on a 
ringing character. When we speak the nose and mouth are 
kept in continuity because the soft palate is kept open and 
air passes through the nose as well as through the mouth. 
If for any reason the nasal cavity is blocked, as for example 
when we have a cold in the head or when we pinch the nostrils 
together with our fingers, the voice will be flat and “ nasal ” 
in quality. The action of these cavities is exactly like that of 
the large cavity which is always made in the body of a violin 
behind the strings. One can readily imagine the flatness of 
the note of a violin that was made of a solid block of wood. 

THE NERVES THAT ENABLE US TO SMELL 

T he roof of the nasal cavities is formed by quite a thin 
plate of bone which separates the nose from the cavity in 
which the brain lies. Piercing this layer of bone are numerous 
tiny nerves which carry sensations of smell to the brain. 
Being extremely delicate structures Nature has packed them 
away in an inaccessible region of the nose where the least pos- 
sible harm can come to them, and yet where the air warmed 
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by the remainder of the nose and carrying the odorous sub- 
stances which stimulate these nerves can easily reach them. 

Owing to the close proximity of the brain to the outside 
wall at this point it is one of the situations in which the brain 
is most exposed to infection, and it is one among others at 
which it is supposed the germs of infantile paralvsis enter 
the nervous system. This disease is an example of many such 
that are caught first in the nose, just like the comnu'n cold. 

THE SOUND BOX OF THE HUMAN VOICE 

B oth the nose and the mouth lead backwards into a 
cavity which connects the two and which is known as 
the pharynx. This has two large tubes leading from, its lower 
portion. The front one is the larynx, which produces the 
voice, and the one lying behind is the gullet. Leading out 
of the side wall of the pharynx on each side is a short tube 
that connects it with the inside of the car. This is one of 
the danger spots of the upper respiratory passages, for quite 
often when these are inflamed owing to some infection, such 
as measles, this tube also becomes inflamed and infection 
may reach the cavity of the ear. This is the explanation of 
the relative frequency of that serious condition known as 
mastoid disease which so often follows otherwise trivial 
diseases of this region. 

Leading out of the lower part of the pharynx is the cavity 
known as the larynx. This is like a box with its upper and 
lower ends open and is formed by a number of small cartilages, 
the largest of which projects on the front of the neck and is 
known as the Adam’s apple. 

Stretching from front to back of the lower part of this 
cavity are two folds of mucous membrane known as the 
vocal cords. When air passes over these structures during 
expiration and inspiration they are thrown into vibration 
and a sound is produced. The)" are well supplied with dif- 
ferent sets of muscles so that not only can they be separated 
and brought closer together so that they may be made to 
meet completely, but also they can be both stretched and 
relaxed. Separation and approximation of the cords will 
control the volume of air passing over them so that the loud- 
ness of the voice can be controlled. Tightening and relaxation 
of the cords determines their pitch so that all kinds of variation 
in the tone of the voice can be produced. The larynx pro- 
S.L.T ^ 
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duces only the sound of the voice. It is the mouth and tongue, 
lips and teeth, that fashion these sounds into words and 
syllables. 

WINDPIPE AND BRONCHI : THE SENTINELS OF THE LUNGS 

T he lower part of the larynx leads directly into the wind- 
pipe which runs down through the lower part of the 
neck into the chest. Here it divides into two branches and 
these in time divide into even smaller and smaller branches 
until eventually they reach the air sacs of the lungs. 

The windpipe and bronchi are composed of rings of car- 
tilage separated in the intervals by fibrous tissue. The rings 
are incomplete behind and the interval between the ends of 
the ring behind is filled in by muscular tissue, thus enabling 
the tube to be made smaller or larger in diameter when the 
muscle contracts or when it relaxes. This is of little imjx)r- 
tance in the windpipe, for it is a very wide tube and only 
slight variations can be made in its calibre. But in the smaller 
bronchi it is of some importance, for it is the explanation of 
how asthma is produced. 

There are certain substances in the air we breathe which 
will cause a spasm of these muscles in individuals who are 
susceptible to them. Such things are the pollens of certain 
plants and dusts from various sources. When the substances 
gain access to the bronchi the bronchial muscles go into 
spasm in an effort, as it were, to exclude the dangerous particles 
from the lungs. So effective is the spasm that it often makes 
breathing almost impossible for the unfortunate sufferer. 

It is really misdirected energy on the part of the bronchi, 
for the condition they produce is more unpleasant and more 
dangerous than the one they are seeking to avoid. It is there- 
fore justifiable for the doctor to abolish this spasm by the 
use of drugs, and this is usually done by inhaling the smoke 
from certain leaves or by giving a special injection. When 
the bronchi become inflamed the well-known condition of 
bronchitis is produced. 

The mucous membrane of the windpipe and bronchi is 
very remarkable and forms the final barrier which tends to 
prevent dangerous substances entering the lungs. It is com- 
posed of a layer of tall cells fitted together like a palisade. 
Each cell has a number of hairs sticking out into the cavity 
of the windpipe, which the cell can move freely. There are 
small glands lying deep in the membrane which throw out 
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quantities of fluid mucus in which foreij2[n particles and germs 
become entangled. 

The hairs on the cells beat always upw.tids so that they 
carry the mucus which is laden with foreign particles up- 
wards in a stream away from the lungs. I'liu* is eventually 
voided by coughing, because when it ^caches tlu' sensitive 
larynx a reflex is set up w'hich results in the proihc’tion of a 
sharp cough. This same reflex is responsible tor the un- 
pleasant results that follow food ** going the wrong way,” for 
instead of being swallowed normally it is inhaled hv liiistake 
into the larynx from which it might reach the lungs if it were 
not immediately coughed up. 

THE RHYTHMIC WORKING OF THE LUNGS 

T he lungs consist of a vast number of infinitesimally small 
air sacs crowded together and welded into one mass so 
that a structure something like a very fine sponge is produced. 
Each tiny air sac has a correspondingly small branch of a 
bronchus leading into it, so that during inspiration and 
expiration the air lying in the air sacs is constantly being 
changed and kept fresh. The walls of the sacs are fonned by 
a very thin membrane formed by flattened ends which lie 
only one layer deep, so that an effect like a pavement is pro- 
duced. 

Running in the walls of the sacs and separated from their 
air-containing cavities by only this thin layer of membrane 
are innumerable capillaries which are branches of the pul- 
monary artery that brings impure blood from the right side 
of the heart for purification. So fine and so numerous are the 
capillaries that an enormous surface of blcx)d is exposed to 
the action of the air in the sacs, wuth the result that the gaseous 
interchange between blood and air can take place to the best 
advantage. 

The substance of the lungs is made up mostly of elastic 
tissue, so that when they have expanded under the influence 
of the increased size of the chest during respiration, they 
will automatically collapse and drive out the air inside them, 
when the expanding force is removed. The outer surface of 
the lungs is covered with a smooth, glistening' membrane 
known as the pleura. The whole of the inner surface of the 
chest is also lined with this same membrane, the result being 
that the lungs can move about inside the chest when they are 
expanding and relaxing with the minimum amount of friction. 
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THE FORTY FEET TRAVELLED BY 
OUR FOOD 

F ood taken into the mouth is first ground into smaller 
and smaller fragments by the teeth and intimately mixed 
with saliva and then finally swallowed. The mouth, of course, 
is not only concerned with eating but also with speaking and 
sometimes with breathing when for any reason the nose is 
blocked. The dangers of habitual mouth -breathing will be 
readily recognised when it is realised that all the good offices 
served by the nose that we have previously considered are 
eliminated by breathing through the mouth. 

The saliva is produced by three sets of glands on each side, 
each of which discharges its secretion into the mouth by means 
of a duct. One of these is a gland lying on the side of the face 
in front of the ear and known as the parotid. This is the one 
which becomes enlarged during the course of the illness known 
as mumps. The saliva has a double function, for it is not only 
a digestive juice which helps to split up starch but it also 
acts as a lubricant and facilitates the movements of the tongue 
so that speech is more easily accomplished. 

When the food has been ground up and mixed with saliva 
it is rolled up into a ball by the tongue and promptly swal- 
lowed. This simple remark has a lot behind it, for in this 
process many interesting mechanisms are brought into play. 
After being collected into a ball the food is thrown against 
the back of the pharynx, where it comes in contact with a very 
sensitive spot. Immediately a reflex is produced which accom- 
plishes several very important acts. First the soft palate is 
raised so that the back entry into the nose is closed, preventing 
food being lost by this route. Secondly, the upper entry of 
the larynx is closed in rather a complicated way so that no 
food can enter there. Thirdly, the food is swallowed into the 
one remaining channel left open, namely, the gullet. 

This is a tube with a very muscular wall, one layer of muscle 
lying longitudinally and another encircling it from top to 
l^ttom. During the action of the reflex that we have just 
mentioned,-* the muscle above the food contracts and that 
below it relaxes, so that the food is rapidly pushed downwards. 
This muscular action proceeds in a wave passing down the 
whole length of the gullet until the stomach is reached. 

It is this mechanism which is responsible for the pro- 
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pelling force which causes the food to pass from one end of 
the alimentary tract to the other. It is known as peristalsis 
and is essentially a wave of contraction preceded by a wave 
of relaxation into which the food is pushed. All through the 
alimentary tract from the mouth to the anus where the food 
or its remains are eventually voided, the same arrangement 
of muscles is found, and evcr)rwhere the mechanism of pro- 
pelling the food is the same. 



THE FOOD ON ITS JOURNEY 
The food is collected into a “ holm ** and forced on its journey 
through the gullet by waves of muscular contraction known as 
“ peristalsis 

THE SECOND MILL THAT GRINDS THE POOD 

B etween the gullet and the stomach is a ring of 
muscle which, when it contracts, firmly closes the upper 
end of the stomach and prevents the food from being regur- 
gitated back into the gullet. This sphincter, as the muscle 
is called, is normally kept closed, but during swallowing it 
forms the lower end of the wave of relaxation which precedes 
the oncoming food which is thus finally passed into the 
stomach. 

At the lower end of the stomach there is another sphincter 
which is called the pylorus and which works in exactly the 
bdme way as the first that we have just mentioned. There 
is a slight difference, however, for any solid particles in its 
neighbourhood have the power of making it contract and 
close, ensuring that food is not passed on to the next part of 
the bowel until it is in a more or less fluid condition and in a 
fit state to be digested by the special juices which are next 
going to work upon it. 

Thus when food has entered the stomach both sphincters 
close and now begins a firm pummelling in which strong 
contractions of the stomach pass from left to right over the 
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surface of the organ, breaking up any solid or semi -solid 
particles of food and intimately mixing them with quantities 
of juice which is secreted from the inner surface of the 
stomach and which helps to make the mass almost liquid in 
consistency. 

The food remains in the stomach for about three hours in 
normal circumstances, so that it forms between meals a sort 
of reservoir which is almost constantly passing material into 
the bowel for digestion. Before breakfast, however, if nothing 
has been taken all night, it should invariably be empty. When 
the food has been reduced to a more or less fluid pulp a wave 
of peristalsis relaxes the pylorus and a quantity of food is 
passed through the opening. This process is repeated at 
intervals until all is finished. 

THE LAST STAGES OF THE FOOD'S JOURNEY 

T he tube which next receives the food is called the small 
intestine owing to its narrow width. Its upper part, 
next to the stomach, has a special name — the duodenum — 
which is of interest because quite often a serious ulcer may 
develop there. Leading into the duodenum are two long 
ducts, one from the pancreas which secretes a special alkaline 
juice, and the other from the liver which conveys the bile. 
Just after the bile duct leaves the liver where the bile is made, 
it sends off a large duct which passes to the gall bladder. 

When the duodendum contains little or no food the bile 
is side-tracked up this channel and stored in the gall bladder, 
where it is available in large quantities for the next time it is 
required when the gall bladder contracts and drives the bile 
into the duodenum. The gall bladder has the power of absorb- 
ing water from the bile which lies in it, so that the bile is 
concentrated when it is ready for use. Sometimes, especially 
when there is infection and germs are present in the gall 
bladder, the bile becomes too concentrated and stones form, 
leading to a train of serious symptoms. 

In the small intestine the food becomes progressively more 
and more fluid, for not only are the bile and pancreatic juice 
added to it, but the intestine itself secretes a juice, the three 
together finally breaking the food down into its last constituent 
parts, all of which become completely dissolved. 

The inner surface of the intestine is raised into many 
ridges and the whole surface is covered with innumerable 
tiny finger-like processes known as villi which increase a 
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thousandfold the surface available for absorbing the disin- 
tegrated products of the food. The special function of the 
villi we shall see later. At the lower end of the small intestine 
all the valuable parts of the food have been completely absorbed, 
but the contents are still fluid. These now take a new character 
and are more or less the same, apart from their consistency, 
as when they are finally voided at the anus. They are now 
knowm as fa;ces. 

SOMETHING ABOUT APPENDICITIS 

A t the lower end of the small intestine is another sphincter 
which holds back the remains of the food. At intervals, 
and especially w’hen food is taken into the stomach through 
the reflex mechanism, the sphincter opens and the faeces are 
pushed dowm into the next part of the bowel, which is known 
as the large intestine, owing to its greater width. The small 
intestine enters the large at a right angle and a small portion 
of the large gut, known as the caecum, projects down below 
this entrance. 

It is from the lower end of the caecum that the notorious 
appendix springs. This is a small tube about four inches 
long with a blind end, and it is when this becomes blocked 
for any reason that inflammation starts inside it and appen- 
dicitis, with all its serious consequences, begins. The con- 
tents of the large intestine and appendix are always swarming 
with highly virulent bacteria, even in perfectlv normal persons. 
So long as the germs remain only inside the intestine no 
harm results, but as soon as they begin to pierce the coats 
^f the intestine and work their way through into the large 
cavity in which the intestines are confined, the infection spreads 
all over the abdomen, with the most disastrous consequences. 

The inner surface of the bowel w'all is quite immune from 
their advances, and it is only when this becomes damaged by 
p»‘oducts which have been dammed back for any reason, 
tliat any invasion of the walls can take place. We can never 
tell from outside exactly how far the inflammation has 
progressed, although we may know that it is inflamed. 

AN AILMENT THAT CAUSES UNNECESSARY CONCERN 

T he rernainder of the large intestine has the power of 
absorbing water and so concentrating the faces and 
making them solid so that they can be more easily held until an 
opportunity arises for voiding them. It also secretes large quan- 
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titles of slimy mucus which protects the wall from ulceration 
and lubricates the now solid faeces so that when they are voided 
this action is accomplished with the minimum of difficulty. 

When food is taken into the stomach a reflex wave of 
peristalsis is set up in the large intestine which pushes some 
of the faeces downwards and results in a desire to void them. 
This is the reason why most people always have a desire to 
pass their motions after breakfast. If the impulse is neglected 
the intestine becomes accustomed to their presence in its 
lower part and the desire passes, perhaps not to be repeated 
for many hours. It is the breaking of this habit of passing one’s 
motions at regular times that so often leads to constipation. 

Constipation of itself leads to very few ill eflPects and much 
nonsense has been written of its serious consequences, with 
the result that an immense amount of unnecessary worry has 
been produced. This worry about the bowels is of much 
more importance than the constipation itself. However, it is 
obviously much more healthy to discharge the faeces at regular 
and fairly frequent intervals, and for this reason the habit 
should be carefully preserved. 

We have now discussed the whole of the alimentary tract 
from top to bottom, from mouth to anus, and it may be of some 
interest to note that the journey has been a long one, for we 
have passed through nearly forty feet of sinuously coiled tubing. 

THE BODY’S DRAINAGE SYSTEM 

rr-uiE kidneys are the organs that filter off the waste products 
Jl that collect in our blood, and concentrate them into the 
urine. We are not concerned here with how they do it ; 
that we must leave to Physiology. Each kidney is a fleshy 
object that is composed of thousands and thousands of tiny 
tubes which secrete the urine. This passes from the kidney 
into a long tube known as the ureter, which leads the urine 
down into the bladder. 

The wall of the ureter, like that of the intestine, is com- 
posed of two thicknesses of muscle tissue which by their 
contraction and relaxation propel the urine down into the 
bladder. When the ureter enters the bladder it pierces its 
muscular wall very obliquely so that it has an oblique course 
inside the bladder wall for about half an inch. While this 
ingenious arrangement allows urine to flow freely down the 
ureter into the bladder, it effectively prevents urine from pass- 
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ing in the opposite direction if large quantities should collect 
under pressure in the bladder for any reason, thus stopping 
the development of a back pressure upon the kidneys which 
might damage them. Sometimes when there is long-continued 
obstruction to the outflow of urine from the bladder, the 
bladder becomes stretched so much that this mechanism 
breaks down and the kidneys are inevitably seriously damaged. 

The bladder is the receiver in which urine is stored until 
a suitable opportunity for voiding it offers itself . The ureters 
deliver urine from the kidneys at the rate of a drop about 
every two seconds, so we can readily see that if it were not 
for the bladder we should spend our whole day passing water 
continuously. The wall of the bladder is composed of muscular 
tissue, so that it can contract and relax at will. The circular 
muscle is collected into a thick ring or sphincter which sur- 
rounds the channel which carries urine away from the bladder 
and is known as the urethra. When the bladder muscle con- 
tracts in the act of passing water this sphincter is relaxed so 
that urine can escape, but at all other times it is tightly closed. 

During the time that passes after the bladder is evacuated 
urine steadily collects inside it from the ureter. The muscle 
of the bladder allows itself to become progressively relaxed 
so that the pressure inside the bladder remains more or less 
at a constant level. Eventually, however, so much urine col- 
lects that it is difficult for the bladder to relax any further, 
so the pressure suddenly rises. The nerves in the bladder 
then send messages to the spinal cord complaining of the 
increase in pressure and asking for the bladder to be emptied. 
I'hese impulses reach consciousness and we can either empty 
the bladder if we wish to or, if the opportunity does not arise, 
we can consciously relax the bladder still further and so reduce 
the pressure and the demand for evacuation. 

'This conscious control over the bladder is only learnt by 
experience and education, and its lack in infants explains 
why they pass their water at regular intervals. It is only 
when they become older and acquire this conscious control 
that they become “ clean.” It is never wise, therefore, to 
scold or punish a child for being “ dirty,” because it is not his 
fault. It is only that this conscious control has not yet devel- 
oped or has been retarded by some special circumstances. 

When water is passed the bladder walls contract and the 
sphincter closes, and at the same time the muscles of the 
abdomen contract under the control of the brain so that their 
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effect is added to that of the bladder. The urethra is simply 
the tube which carries the urine away from the bladder. In 
the male it is long and opens at the end of the penis, but in 
the female it is very short. It is owing to the greater length 
of the canal in the male and the presence of a gland called 
the prostrate which surrounds it in its upper part that it is 
so much more frequently diseased in men than in women. 

THE ORGANS UPON WHICH NEW 
LIFE DEPENDS 

A s is well known, reproduction is effected by the growth 
of a cell which is formed by the joining together of two 
cells, the ovum and spermatozoon which come from the female 
and male respectively. Both male and female, therefore, 
must produce these cells and must contain a system of tubes 
by which they may be led to one another, and also a place 
where the fertilised ovum can safely develop. When animals 
lived in the water it was comparatively simple, for the ovum 
thrown out into the surrounding water to be fertilised by the 
male could not be destroyed by drying, and when fertilised ^ 
could continue its development unhindered except by the . 
raids of other animals that desired it for food. 

In these circumstances, therefore, millions of eggs were 
laid by each female and these were subsequently fertilised by - 
millions of spermatozoa cast at random over the egg mass. • . 
Thus it was ensured that even if many were destroyed by - 
predatory animals, a few would survive. When, however, 
animals left the water some new method of reproduction had 
to be found in order to prevent the embryo dry ing in the 
air. To accomplish this the ovum is fertilised inside the :■ 
female by spermatozoa which are introduced by the penis 
into the passage of the female known as the vagina. 

Many of the land animals have avoided the difficulty of 
drying by covering their fertilised eggs with a shell, the egg 
being laid and continuing its development outside the mother. 

In the mammals and man, however, the fertilised egg is re- 
tained and is developed inside the mother and is bom in a 
state of comparative maturity. Many animals, too, produce 
large numbers of fertilised eggs, so as to ensure the complete 
development of at least a few. In man, however, only one 
egg is produced at a time under normal circumstances, for 
the environment is such that the developing ovum and subse- 
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quent infant have relatively few dangers to withstand owing 
to their careful protection. Such have been the factors that 
have given rise to the rather complicated arrangements for 
reproduction in the human body. 

THE MALE'S PART IN A COMPLEMENTARY SYSTEM 

T he essentially male organs which produce the sperma- 
tozoa are the testicles. These two organs were originally 
formed, and in the developing embryo actually he, inside the 
abdomen, but in the adult they have become pulled down 
into a bag which lies between the legs. It is difficult to see 
the reason for this, for they are obviously less protected in 
this position and, of course, from a racial point of view they 
are one of our most important possessions. However, it 
would appear that in the higher mammals the stimulus of 
relative cold is required for their proper development at 
puberty, for if by chance they fail to descend or remain in 
the warmth of the abdomen or if they are artificially replaced 
there they fail to develop as they should. 

Each testicle contains a large number of enormously long 
and tortuous tubes closely coiled together and very narrow 
in cross-section. These tubes produce the spermatozoa, 
which are minute cells with a head and a very long tail which 
can be waved vigorously so that locomotion is possible. All 
the tubes of the testes are gathered together finally into a long 
duct which passes upwards and enters the abdomen, finally 
reaching the back of the bladder behind which a sac grows 
out of the tube in which the spermatozoa can be stored. Out 
of this leads a very fine tube which traverses the prostrate 
gland surrounding the urethra into which the duct finally leads. 

Spermatozoa after passing into the urethra are discharged 
at the proper time from the end of the penis. The prostrate 
gland secrets a fluid which stimulates the spermatozoa to 
active movement. The secretion comes in contact with them 
only when they are about to be discharged, for although it 
makes them more active it materially shortens their life. In 
the body of the male, if they are not discharged, they can 
live more or less indefinitely but when passed into the organs 
of the female they can live at most only for about ten days. 
Millions upon millions of spermatozoa are discharged at one 
act of coitus, but it is characteristic of the prodigality of nature 
that only one of this huge number is responsible for fertilising 
the •vum. 



332 nature's triumph: the human machine 


CONCEPTION: A MIRACLE OF NATURE’S EVOLUTION 

T he essential sex organs of the female are the two ovaries 
which lie in the lower part of the abdomen. They are 
small, oval objects about the size of a large almond and consist 
of large numbers of cell groups, which produce the ova, 
embedded in a mass of supporting tissue. When an ovum 
ripens it bursts through the coat of the ovary and comes to 
lie in the lower part of the great abdominal cavity that sur- 
rounds the intestines. It lies in this cavity, however, only for 
a short while, for in close proximity to the ovary is the open 
end of a tube down which it will later be carried to the womb. 

The open end of this tube has its wall frayed out into 
processes which more or less surround the ovary, and the 
inside of the tube is lined by cells which possess hairs that 
by their motion can produce a stream which sucks the ovum 
into the tube and carries it down its interior, where, if con- 
ditions are satisfactory, it becomes fertilised by a spermato- 
zoon which has worked its way upwards from the vagina. 
The fertilised (or unfertilised) ovum then passes down the 
remainder of the tube which leads into the upper part of the 
womb. If the ovum is fertilised it finds the walls of the womb 
thickened and specially prepared to receive it and it then 
starts actively to burrow into the substance of the wall. Here 
it continues its development until it is fully mature and ready 
to be born. 

The walls of the womb are composed of a thick layer of 
muscular tissue which is used at the end of pregnancy for 
driving the infant out of the womb. Normally the womb 
weighs but a few ounces, but during pregnancy it increases 
enormously in size and its walls become thicker and more 
richly supplied with blood vessels for the nourishment of the 
infant until the womb at full term comes to weigh two to 
three pounds. 

The lower part of the womb leads directly into the vagina 
where the spermatozoa are lodged by the male in the act of 
coitus. The spermatozoa, after their deposition in the vagina, 
make their way by the active motion of their tails into the 
cavity of the womb and from there into the tube where they 
meet the ovum and fertilise it. We shall see in the section on 
the ductless glands how the ovary sends out its two messengers 
into the blood stream, oestrin and lutein, which prepare the 
womb for the reception of the ovum. We shall see, too, 
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DIAGRAM OF THE WOMB 

Shozvitif* the uterus or womb in relation to its connected organs 


how the second hormone, lutein, is produced only alter the 
otoim is ripe and has burst its way out of the ovary and how 
progestin is produced only for long periods if the ovum is 
fertilised. 

If fertilisation does not occur then the production of pro- 
gestin ceases after ten days, and with its cessation the lining 
membrane of the womb breaks down and is cast off with 
a certain amount of blood and constitutes menstruation. 

TELEPHONE AND TELEGRAPH IN THE 
HUMAN BODY 

I F we look for a moment at the single-celled creatures that 
form the present representatives of the beginning of life, 
we shall find that a stimulus attractive or repellant applied to 
any part of the cell will result in the cell reacting as a whole. 
There is little or no difficulty in communication within the cell 
from point to point. There is a single-celled creature known as 
Vorticella which consists of a bell attached by a spiral stalk 
to some neighbouring weed. A stimulus applied undef the 
microscope to any part of the cell will occasion the stalk to 
contract and the bell to close up so that the creature takes up 
a defensive attitude. 

When we come to the next grade of living creatures, those 
that are composed of more than one cell, a difficulty arises. 
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[n the struggle for existence the body must work as a whole, 
sach cell must react as a co-ordinated member if the whole 
mechanism of the creature is to survive the difficulties of its 
life. If a noxious chemical substance or another dangerous 
creature touches one single cell all the other cells in the body 
must react in an endeavour to flee and escape the danger. 
For this a service of communications between each body cell 
and every other cell is required. These communications 
are known as the nerves and the whole communicating system 
as the nervous system. 

The earliest nervous system consisted in special cells 
which were situated in the skin of the animal and were con- 
nected by a long process running inwards to a muscle cell. 
Any stimulus applied to the special skin cell would produce 
contraction of the muscle. This, however, provided a connec- 
tion between only two cells and each muscle would have to 
contract independently of the others, so very soon the special- 
ised cells began to branch so that several muscle fibres became 
connected together. The next step came when the branches 
became large and numerous and it was necessary to provide 
a cell both to control them and to nourish them, so nerve 
cells were formed in the course of the network. 

The primitive nervous system thus formed was composed 
of fibres leading from the special skin cells to nerve cells 
which were connected together by a branching network of 
communicating fibres which gave off branches to the muscle 
fibres. This system was found to be adequate up to a point 
and is still found to-day in certain lowly animals. But it pre- 
sented a big disadvantage which had to be overcome before 
progressive evolution could take place. A stimulus applied to 
one part of the system might have to travel all round the 
system and by various devious routes before it could arrive 
at some point at a distance from where it was applied. 

What was needed was a central clearing station or exchange 
which on receiving impulses could co-ordinate them and 
pass them on directly to the correct channel. The fibres 
leading into this central system are known as sensory fibres 
and those leading out of it to muscles or other organs wffiich 
produce a reaction are known as motor fibres. The animal 
thus came to possess sensory organs situated in the skin 
which sent impulses to an exchange which relayed them by 
the motor fibres to the muscles or other organs. This central 
exchange, in order to suit the requirements of the animal. 
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THE BEGINNINC; OF THE NERVOUS SYSTEM 

From single cells situated in the skin and connected each to a 
single muscle fibre (i), the nertous system has grown, by 
branches linking several muscle fibres (2), to a complicated nrt^ 
work in the higher animals (3), nourished and controlled by 
special cells of its own. 

became formed into a long cord running the whole length of 
the creature and so a primitive spinal cord was formed. 

The path leading from the sensory organ through the 
nerve cells situated in the central nervous system to the motor 
organ is known as a reflex arc, and the response of a muscle 
to a stimulus applied to the sensory organ is known as a reflex 
response. The earliest vertebrates (animals with backbones) 
and their predecessors, animals like the earthworm, were 
composed of a number of divisions or segments each of 
which contained a segment of the central nervous cord v/hich 
controlled their movements by means of reflex arcs. Thus 
sensory organs in segment 6 of the animal would send mes- 
sages to segment 6 of the nervous system and produce a 
response in the muscles of segment 6 of the animal. 

In addition it w^as essential that each segment of the nervous 
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system should be in communication with its neighbours and 
others at a greater distance, so communicating fibres or long 
tracts were formed which ran the whole length of the central 
nervous system and co-ordinated the whole. By these means 
a stimulus applied to segment 6 could now produce a reflex 
response in one or all of the other segments. 

THE EARLY BRAIN: A “LOOKOUT** FOR THE BODY 

I N the act of locomotion it was found to be of enormous 
advantage to the animal if that segment which went first, 
namely the head end, was capable of detecting in advance 
changes in environment, such as enemies or food. The 
animal must not wait to discover an enemy until he is already 
within its jaws. He must know beforehand that an enemy is 
approaching so that he can make preparations to fight or flee 
before his enemy is upon him. For this reason that segment 
of the animal which preceded the rest in locomotion came to 
be endowed with special sense organs, eyes that could detect 
variations in light, ears that could pick up vibrations, a nose 
that could smell and detect food, and organs that could inform 
the animal of his position in space. 

With the development of all these special organs in the 
head it was necessary that the head should contain a very 
much larger and more efficient central nervous system than 
the remaining body segments. This specially enlarged central 
nervous system of the first segments is known as the brain, 
and upon its efficiency in warning and producing reactions 
in the remainder of the body depended the whole survival of 
the animal in the struggle for existence. The more useful 
the brain became the more chance had the animal of sur- 
viving. This is well seen if we look at the disaster that over- 
took the vast cumbersome reptiles that lived in the period 
following the emergence of animals from the sea. For a time 
their size and weight enabled them to overcome their 
adversaries anc^ devour them. Their reaction to environment 
was to produce enormous muscles in their limbs which 
would give them power in fighting, and that part of their 
central nervous system which controlled these muscles — for 
example, the lower segments of the spinal cord supplying their 
legs — grew to be enormously larger than the brain itself ! 

They developed enormous power but their brains failed to 
develop the skill to use it. Their oppyonents, on the other 
hand, left their muscles to look after themselves and developed 
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When trouble attacks the body machine, a warning message is 
flashed to the brain by the nervous system, pain is “ felt,'* and . 
the brain sends immediate orders for dtfence. 
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their brains, which brought with them new skill and cunning 
so that the great cumbersome reptiles were wiped off the 
face of the earth. Man’s salvation in the struggle for exis- 
tence has been his conservatism in leaving his body to look 
after itself and concentrating his attention on the development 
of his brain. 

NERVES THAT BRING MESSAGES TO THE SPINAL CORD 

I N the discussion of the agatomy and physiology of the 
nervous system that follows, we will start with the parts 
which are simplest to understand, and lead up gradually to 
the more complete and more difficult. Situated in the skin 
are many different kinds of sense organs and still others for 
receiving sensations of heat and cold. In the muscles are 
organs that detect deep pressure and tension and in the 
joints are organs that give information of the position of the 
bones in relation to one another. From all these sources 
nerve fibres collect information, one fibre from each organ, 
and these are later bound together into nerve trunks which 
travel to the spinal cord and there relay their information. 

Just before the sensory nerve fibres enter the spinal cord 
each fibre gives off a small branch which passes to the cell 
which looks after the nourishment of the fibre and enables 
it to live. This cell is an integral part of the nerve and the 
fibres which reach it from the sense organs and those which 
enter the spinal cord are really only prolongations of this 
cell. 7'here is thus a collection of cells which form a slight 
lump or ganglion on the nerve trunk just before it enters the 
cord. This is known as the posterior root ganglion, because 
the sensory roots entering the spinal cord do so in its pos- 
terior part (as opposed to the motor root which leaves the 
cord anteriorly). 

Once having entered the spinal cord the sensory nerves do 
several things. The spinal cord consists of a central mass of 
grey matter which contains large numbers of nerve cells and 
a surrounding sheath of white matter that consists of fibres 
running up and down the cord, some travelling right up to, 
and down from, the brain. Some of the sensory fibres entering 
pass immediately into the grey matter and form connections 
with nerve cells in the front of the grey matter of the same 
segment. From these, fibres arise which leave by the anterior 
motor roots and pass into the nerves to innervate the muscles 
directly. 
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This is the simplest reflex path. Other sensory fibres run 
up or down and pass to neighbouring segments, some of them 
crossing over to the opposite side, forming reflex arcs with 
other segments. Other sensory fibres, some of which make 
connections with cells in the posterior grey matter and some 
of which go direct, turn upwards and run riglit through the 
length of the cord to various parts of the brain, carrying 
impulses of touch, pain, heat and cold, which eventually 
reach consciousness in the great sensory area of the brain 
cortex, which wc shall talk of later. 

LIFE WITHOUT THE BRAIN : THE SPINE’S ACTIVITIES 

H aving seen something of the anatomy of the cord we 
can now say something of what it does, but in order to 
study this experimentally we must destroy the brain, for 
this modifies the reflexes produced by the spinal cord by its 
controlling influence. An animal such as a frog, with its 
brain destroyed, is known as a spinal animal because its 
spinal cord only is now controlling it, and as it will live pain- 
lessly for a considerable time we can use it to excellent pur- 
pose for studying the functions of the spinal cord. 

Such an animal exhibits reflex activity. Thus if the foot 
is pinched or if a hot instrument is applied to the foot, it will 
be drawn away, the whole limb being thrown into an attitude 
of flexion. Thus, the toes and foot are bent upwards, the 
knee and the hip are flexed. This reflex is known as the flexor 
reflex and represents a primitive activity of the nervous 
system in protecting the lower limb from damage. It is the 
simplest form of reflex, the paths used being those that we 
have mentioned. 

At the same time as the stimulated limb is withdrawn by 
flexion, the opposite limb will be reflexly extended — the 
crossed extensor reflex. This enables the animal when stand- 
ing to preserve its balance on the other foot while it draws 
the affected one away. Other refle.xes may be briefly men- 
tioned such as the scratch reflex in w'hich tickling the back 
of a dog produces movements of flexion and extension of 
the hind limb in an endeavour to scratch away the offending 
object. Also the stepping reflex in which pressure on the 
sole of the foot, especially if the limb is slightly flexed, pro- 
duces extension of the stimulated limb and flexion of the 
other. This is the mechanism of walking. As soon as the 
right foot touches the ground the pressure reflexly excites 
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the muscles so that the right foot straightens to bear the 
weight, while the left flexes in preparation for the next step. 

In addition to these reflexes which produce movement, 
many other reflexes are served by the spinal cord, the move- 
ments of the bowel producing peristalsis and the passing 
of faeces, the contraction of the bladder resulting in the act 
of passing water, various reflexes resulting in contraction or 
dilation of the vessels of a part, and a whole multitude of 
other reflexes which look after our well-being without ever 
reaching consciousness. 

It must be understood that these muscular reflexes, such as 
the flexor reflex, are shown to their best advantage only when 
the spinal cord is working independently of the brain, when the 
brain has been destroyed or when the long tracts connecting it 
with the cord have been severed. The brain exercises a power- 
ful control over these reflexes, modifying them and preventing 
them from dominating our existence. In the lower animals 
they were originally of immense value to the animal which 
possessed them, but as evolution progressed so have the spina) 
reflexes become more and more suppressed and brought under 
control of the higher centres of the brain. 

An example of this is well shown in the case of the flexor 
reflex. In man, if the spinal cord is destroyed or if the nerve 
fibres running down from the brain which serve the voluntary 
control of the muscles are destroyed, a flexor reflex may be 
elicited by scratching the outer side of the sole of the foot. 
This action causes the great toe to be bent upwards, which, as 
we have seen, is one of the component parts of the protective 
flexor reflex. If, however, the sole of the foot is scratched in 
an individual in whom the tracts to the voluntary muscles are 
undamaged, the toe will bend downwards and the foot will, 
as it were, attempt to curl up. 

The brain has depressed the flexor reflex and replaced it 
with a new reflex. It is only when the cord is “ released ” 
from the control of the brain that the flexor reflex manifests 
itself, although it is there, lying latent all the time. This is 
an example of what is known as the “ release phenomenon ” 
and is seen right throughout the central nervous system. It 
is found even in the higher centres of the brain which watch 
over such recently developed powers as the observance of 
social conventions, in fact the veneer of civilisation. 

There are certain drugs which temporarily paralyse the 
highest and most recently developed functions of the brain 
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and release those that lie below. A well-known example of 
a drug of this kind is alcohol, which is not really a stimulant 
at all but a paralyser of the highest centres. Under its influence 
those centres of the brain which supply us with our critical 
faculties and with the finer conventions of society are tem- 
porarily paralysed, allowing our “ baser ” and more instinc- 
tive natures to appear. It has often been said that alcohol is 
one of the finest means of revealing the true nature of a man. 

THE NERVE CENTRES UPON WHICH LIFE DEPENDS 

I F the spinal cord is followed upwards to its entry into the 
skull, it will be found to swell up into a wider mass which 
is known as the medulla oblongata. This is really only a 
specialised portion of the spinal cord and works in just the 
same way. Sensory nerves enter in its posterior part and 
motor nerves leave in its anterior part. Here, though, are 
situated the vital centres of the body — the respiratory centre 
which controls respiration and the cardiac centre which drives 
the heart. Sensory nerve fibres enter in a nerve, which is 
known as the vagus, and bring impulses carrying information 
from the heart and lungs. I'hcse fibres make connections 
with the cells in the medulla, and from them motor fibres 
leave, those to the heart travelling back to this organ in the 
vagus nerve, and those to the muscles of respiration passing 
down into the spinal cord and leaving it at different suitable 
levels. These nerve centres are absolutely vital for our con- 
tinued existence, and their destruction brings about instan- 
taneous death. 

In this region, too, lie the centres which watch over our 
balance. Situated in the ear are special sense organs which 
supply these centres with information of the position in space 
which our head is occupying and of the movements which 
the head is making at any moment. 

In order that a movement may be carried out in an ortlcrly 
fashion, it is not sufficient for a given centre only to give 
orders that a movement must be made. In addition sensory 
nerves must inform the centre concerned of the progress of 
the movement from start to finish, so that it may order any 
modifications that may be necessary. This rule applies, of 
course, to all movements that are made, the sensory nerves 
carrying information from the muscles that make them. But, 
in movement of the head, information comes also from the 
ear, informing the centres about the balance of the head and 
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its position in space. In all the lower vertebrates, these 
balancing organs are highly efficient and well developed, but 
in man they have regressed considerably, their powers being 
taken over by the eyes. They are, however, still of great 
importance. 

Fish have balancing organs of a high degree of efficiency 
and so have birds, the reason being that these animals live 
and move freely in space, sometimes freely in three dimen- 
sions at one moment. Man, however, has had occasion, up 
till now, of moving only on flat surfaces. Deprived of the use 
of his eyes, his balance is precarious, and it is well known 
that airmen flying in fogs and clouds are often quite unaware 
of their position in space and may actually fly upside down 
without knowing it. 

THE GREY MATTER: SEAT OF ALL SENSATION 

A ll the way up the spmal cord, nerves enter from the body 
and limbs, carrying impulses of touch, pain, temperature 
and other sensations. Some of these fibres, we have seen, 
pass to cells in the cord and subserve local reflexes. Others, 
however, pass up towards the brain and, after relaying in two 
centres and being joined by similar nerves from the head and 
face, reach what is known as the sensory cortex of the brain. 
In their course upwards, they cross to the side of the body 
opposite to the one where they started, so that fibres reaching 
the right cortex come originally from the left. 

Here we must say a few words about the structure of the 
brain. It is a hollow mass of nervous tissue, in the centre of 
which is a cavity containing fluid which circulates downwards 
to the medulla and then leaves by a small hole and gains the 
surface of the brain. The cavity is continuous with a central 
canal lying in the spinal cord. Surrounding the cavity is a 
great mass of white matter, made up of vast numbers of fibres 
passing in all directions and connecting together all the centres 
of the brain. Spread out like a thick plate over this white 
matter is a layer of grey matter which contains innumerable 
nerve cells. I'his grey matter is known as the cortex and is 
folded upon itself in convolutions in order to increase its area. 
The cortex of the brain is the highest and most specialised 
part of all, and it is this which confers upon us the powers 
of consciousness. 

The sensory fibres, passing into the brain from the spinal 
cord, spread out and eventually reach a part of the cortex 
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which runs vertically upwards and downwards just behind 
the middle of its lateral surface. This area is accurately 
localised and has been proved by the following experiment 
to be the site of conscious body sensations. During opera- 
tions on the brain, this area has been stimulated in a conscious 
person by an electric current, with the result that sensations 
of pain have been felt in some part of the liody at a distance, 
say in the hand, if the hand area was stimulated. 

The sensory cortex is divided up accurately into areas which 
receive information from particular parts of the body, and 
which are the same for all persons. Owing to the fact that the 
sensory fibres cross over, as we have mentioned, before they 
reach this area, stimulation of the hand area on one side of 
the brain will produce a sensation in the hand on the other 
side of the body. 

HOW THE BRAIN GIVES INSTRUCTIONS TO THE BODY 

J UST in front of the sensory cortex is a vertical strip of grey 
matter, known as the motor cortex. Here are found large 
cells of a triangular or pyramid shape, which give off long 
processes passing right through the brain and spinal cord and 
making connections with the motor cells in the anterior part 
of the grey matter of the spinal cord. These are the same 
cells that we mentioned when we spoke of the motor cells or 
nerves that the spinal cord contained. 

In their course dowmwards, these long fibres from the motor 
cortex cross over to the opposite side, so that a cell in the motor 
cortex of the right side controls a cell in the spinal cord, and 
through It a muscle fibre, on the left side of the body. This is 
the reason w^hy a haemorrhage in the motor area of the brain 
on one side (which is known popularly as a"^ stroke *’) pro- 
duces a paralysis of some part of the body on the opposite 
side. Just like the sensory cortex, the motor cortex l^as special 
areas for special parts of the body and stimulation of an c.rca, 
say the hand area, will produce a movement in the hand oi' the 
opposite side. 

We have spoken so far only of the two simplest parts of the 
brain cortex, where some body sensations become conscious 
and where volitional movement is originated. The rest of the 
cortex is made up of similar areas wliich serve their own par- 
ticular function. Thus the visual area that brings to conscious- 
ness what we see with our eyes is situated on each side at the 
back of the brain. The hearing area is low down on the lateral 
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surface, and a special speech area is situated on the left side 
of the brain. The front part of the brain is that part which is 
used in the processes of intellectual thought, memory and all 
the higher mental functions of which man is capable. All these 
areas are connected together by fibres which run between all 
the centres of both sides of the brain, so that a stimulus in 
affecting only one of them may produce a reaction in any one 
or all of the others. 

THE ESSENCE OF MENTAL ACTIVITY 

S O far we have hinted that for any activity of the body to 
take place, a stimulus must be applied to some sense organ 
which will initiate a reflex. We have given the impression that, 
like a slot machine, something must be put in before anything 
can be got out. That this applies to the spinal reflexes there 
can be no doubt, but much argument and discussion have taken 
place over the mechanisms which lie behind conscious and 
unconscious mental processes. Many of our actions and 
thoughts appear at any rate to arise spontaneously in the 
brain without any previous stimulus setting them off, but on 
further consideration, it will always be found that there is a 
sequence in our thoughts and actions each depending on one 
that passed before. 

Thoughts that spring into our minds with apparent spon- 
taneity will always be found to have some association, often 
unconscious, with something previously seen or heard, a 
combination of circumstances or a previous thought. What 
constitutes the difficulty in applying our knowled^^e of re- 
flexes to all grades of mental activity is not this but memory. 
It is difficult to see how a stimulus applied last year can 
produce its results to-day. If I agree to meet a friend in a 
certain place at a certain date and time next year, it is difficult 
to see hojv one can ascribe the performance of the visit to 
ordinary reflex activity. Some say that the reflex has been 
delayed, others that the nerve cells store up energy which is 
discharged at the appointed time, but these theories only beg 
the question by answering it in terms of another. 

The best theory on which it is explained is that of the 
conditioned reflex. If a dog is given food, it will secrete saliva. 
If a bell is rung, and a few minutes later food is given to 
the dog, it will again secrete saliva in simple response to the 
food reflex. But after this process has been repeated a 
number of times, a curious tiling occurs, for it is found that 
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the dog will secrete saliva even in the absence of food, if the 
bell is still rung. The secretion of saliva is said to be con- 
ditioned by the ringing of the bell, and the redex in response 
to which the saliva is secreted is known as a conditioned 
reflex. The secretion of saliva in response to the ringing of 
a bell is therefore a conditioned reflex. 

It is known for certain that the nerve cells subserving all 
conditioned reflexes are situated in the brain i:ortex, for if 
this is destroyed experimentally in animals, all conditioned 
reflexes are abolished. It is assumed that new paths are formed 
between the cells of the cortex concerned and that a given 
stimulus — light or sound or anything else — therefore travels 
direct through this new path to the cells which produce the 
conditioned reflex. It is the laying down of new paths between 
the untold myriads of cells which constitute the cortex of our 
brain, in the course of every experience that we undergo, that 
is the essence of our mental and intellectual activity. 

HOW THOUGHTS CARVE NEW PATHWAYS IN 
THE BRAIN 

I N the case of memory, a new path is formed down which 
a stimulus travels at an appointed time, directly to the cells 
producing the conditioned response. In the case of a pre- 
arranged visit, when the arrangement is made a new path is 
formed between the sensory cells which bring to conscious- 
ness the knowledge of time and the motor cells which will 
set in motion all the activity needed for the visit. The com- 
bination of the date and hour when they arrive will occasion 
impulses which will travel along this specially made path, 
producing the conditioned response, in this case the \isit. 

It may be argued that we remember such things actually 
before the time arrives. This is true, but does not invalidate 
the argument, for some association will have brought the 
combination of date and time into our mind, producing in 
an indirect way the necessary conditioned response. Thus, 
in a chance glance at a calendar a week before the visit was 
to take place, our eyes might fall upon the date arranged. 
This stimulus would travel along the path specially laid down 
and would awake the consciousness of memory. This is only 
a crude example but serves to illustrate the theory and brings 
our mental processes into line with the general laws of nature, 
according to which we know that energy and matter never 
arise out of nothing. 



THE HUMAN MACHINE AT WORK 

P IITSIOLOGT is the study of how the body works under normal 
conditions. It is the study of the workings of the family life 
and the interrelationships of each of its members. It tells us 
how much money , or in physiological language^ how much energy 
is required to run the house^ what food must be bought and by 
whom it must be cooked. In physiology the actual part which 
each organ of the body plays in the running of the whole is accu- 
rately worked out. 

Many of these things are known definitely now, but there is 
still much that is controversial and much about which we know 
absolutely nothing. As time goes on, however, more and more 
of the obscurities are brought by research into the light of day, 
and with the progress of knowledge about the normal working 
of the body, more and more is understood of the abnormal working 
of the body, so that medicine itself also advances. Physiology is 
the basis of medicine, and without a knowledge of it doctors could 
know nothing of their job to-day, 

I F we start at the very beginning of our life, we were each 
one of us originally one single fertilised cell lying in the 
ovary of our mother. The ovum or egg cell is like any other 
cell, a tiny membranous bag containing a mass of jelly or 
protoplasm. In the centre of the cell is a nucleus which con- 
trols the life of the cell. During fertilisation the spermato- 
zoon or male germ pierces the envelope of the egg cell and 
joins with the nucleus, the two forming one cell. This cell is 
the fertilised egg and represents our earliest beginnings. 

Almost immediately after fertilisation has taken place, the 
cell starts to divide into two, the nucleus first dividing and 
the cell then following suit. Each of the two cells so formed 
is exactly like the one from w^hich it origmally arose. In a 
short time each of these two cells again divides into two, so 
making four. This process continues, first eight, then sixteen, 
then thirty^two cells being formed, until the egg comes to look 
something like a mulberry and is now called a morula. 

This process of division goes on continuously until eventu- 
ally certain parts of the mass begin to take on a definite func- 
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tion of their own. After this, one or two cells become different 
from the others and “ differentiate ” into a rudimentary liver, 
one or two others differentiate into a lung, and some more 
start to form a brain. 

From this time on these cells are destined to fonn their 
respective organs and can only form this kind of tissue. Finally, 
a complete and perfect individual emerges, an individual com- 
posed of thousands of millions of tiny cells, each performing 
its own special function and working harmoniously with the 
whole. 

This process has been studied to the greatest advantage by 
means of cinematography. A developing egg is placed under 
the microscope and supplied with a nourishing medium and 
a photograph is taken, say once every half-hour. When the 
photographs are thrown upon a screen, one after the other in 
rapid succession, the movements and method of division of 
the cells and the formations into which they arrange themselves 
can be studied in the minutest detail. The leg of a chicken cun 
be seen to grow from a shapeless mass of protoplasm into a 
useful member with all its intricate parts, and this even when 
it has been cut away completely from the main part of the 
developing egg. 

LIFE THAT GOES ON AFTER DEATH 

N ot only have quite separate parts of a developing indi- 
vidual been kept alive and studied under the microscope, 
but organs and separate cells of a fully-grown organism have 
been kept alive for long periods of time, existing quite sepa- 
rately from their parent mass of body tissue. I'hus there is 
a strain of fibrous tissue which has been kept alive and con- 
stantly growing for twenty or thirty years. Some tissues are 
easier to culture than others, this depending to some extent 
on the food requirements of the tissue cultures. 

Ail cells, however, are potentially immortal. There is no 
real reason why they should ever die, provided they are con- 
stantly kept supplied with nourishment. Under natural 
cinimstances the cells of the body die only because they are 
deprived of their nourishment, for the circulation of the 
blood and respiration, which are vital processes depending 
on the activity of the whole body, cease when the individual 
dies. Life continues for a considerable time in the cells 
themselves after death of the body as a whole has taken 
place. If the body of a frog is opened ten minutes after death, 
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the heart will still be found to be beating. In the same way 
an animal which is incapable of moving its legs because it is 
dead can be made to do so some time after death if a nerve 
passing to the muscles is stimulated by an electric current. 

This life after death need not dismay us, for it lasts at most 
for a few brief hours, and in spite of it, the animal as a whole 
is dead, for it is capable of no sensation and no movement. 
Q)nsciousness, of course, is lost immediately, for the brain, 
being one of the most delicate mechanisms the body possesses, 
ceases to function instantaneously and dies very rapidly. 

Loss of power to function must be understood to be quite 
different from death. From real death, death of all the cells, 
there is no recovery, but from loss of function recovery is 
possible. If the arteries supplying the brain arc clamped, 
consciousness is lost immediately for they cease to function. 
If the clamps are removed quickly enough, consciousness is 
regained, for the cells were only temporarily paralysed. If, 
however, the clamps are left on for six minutes, the brain will 
never function, for the cells will have died. 

Some tissues die more rapidly than others, and it is always 
the vital tissues that are most differentiated, like the heart 
and brain, that die most quickly. Others, like the humble 
fibrous tissue which only supports, may take some hours, and 
if removed within this period, may live and grow indefinitely 
if placed in proper surroundings. 

We have said that some cells are more differentiated or 
specialised than others and that these die much more rapidly 
than their humble, unspecialised brothers. The special cells 
of the brain and heart and of the liver and kidneys may be 
compared to the intellectual members of society, such men 
as scientists, doctor^, Cabinet Ministers, and artists, without 
whose services the community would collapse but whose 
natures and constitutions are so delicate that they withstand 
the strains of hardship very poorly. If deprived of their ideal 
surroundings they first fail in their work and then in their 
bodies. The supporting structures of the body, however, 
such structures as fibrous tissue and fat, may be compared to 
those humbler but no less important members of society, the 
manual workers, who being less pampered and less sensitive 
to their environment are more capable of withstanding ususual 
hardships. 

We have said enough to illustrate how the body is composed 
of elements which, imder ideal circumstances, arc capable of 
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a separate existence, but which must for their proper function- 
ing depend on the integrity of the individual as a whole. 

THE PHYSIOLOGICAL INCOME 

B efore we can understand the part that food plays in the 
workings of our inner man, we must know something of 
the chemistry and composition of the food we cat. For prac- 
tical purposes we may divide our food into four great classes, 
each of which, as we shall see, has its own particular use. First 
and most important of all are the proteins. These substances 
are the essential basis of all living matter, and, as one might 
exj>ect, their chemical composition is extremely complex. The 
proteins are found throughout nature in all types of living 
matter, both plant and animal. 

Some of the simpler ones the animal body is capable of 
elaborating for itself, but others must he obtained by the 
food, and these will come either from other animals or from 
plants. If a protein, for example the white of an egg, is digested 
in a test tube with some juice from the stomach and some 
hydrochloric acid, after a time the composition of the digest 
will change. The complicated protein molecule will be split 
into many simpler parts. If the process is continued until 
the protein is split into its simplest components, it wall be 
found that, instead of egg albumin, we are left with a large 
number of substances called amino acids. Here we cannot 
go into the structure of the amino acids, but we will simply 
say that they are acids which always contain atoms of carbon, 
hydrogen and nitrogen, and sometimes also sulphur, phos* 
phorus and other elements. They also have the power of 
combining together under special circumstances and forming 
chains. 

It must be understood that the proteins arc a large class 
of substances, the individual members of w^hich may have 
many differences, but they all have certain properties in 
common. We have seen that a particular protein, egg white, 
can be broken down into various amino acids. It remains 
now to reverse the process and synthesise the protein from 
its constituent parts. 

It may be said at the outset that this has never been done 
completely, but so much of the road has been explored that 
the remainder is certain. If amino acids of different kinds are 
made to join together in sufficient numbers, a substance known 
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M a polypeptide is formed. Many polypeptides joined together 
in chains form a peptone, and numbers of peptones joined to- 
gether form primary and secondary proteoses. These latter 
when joined together make up the complete protein. 

Each of these substances, amino acids, polypeptides, pep- 
tones, proteoses and proteins have their own special chemical 
reactions so that they may be identified. The composition of 
the proteins has been shown by digestion and each stage has 
been worked out. The road backwards has been fully explored. 
The road forwards from amino acid to protein has progressed 
so far only to the polypeptide stage, but the last part may be 
inferred from the backward journey, which is known. If we 
remember that there are a large number of amino acids, that 
they can be combined in any way and any number that nature 
chooses, and that in a protein molecule there may be hundreds 
of thousands of amino acids, we shall realise how many proteins 
Nature can make in her workshops. We shall also realise how 
extremely complicated their structure is. 


SUGAR: A CONSTANT SOURCE OF ENERGY 

T he next class of substances are the carbohydrates or sugars. 

The simplest of these is glucose or grape sugar, and it 
contains six atoms of carbon, twelve of hydrogen, and six of 
oxygen. Its chemical formula is CgHigOe. Glucose belongs 
to the class of monosaccharides because it is composed of one 
sugar molecule. If two monosaccharides are combined to- 
gether, a disaccharide is formed, of which the ordinary house- 
hold cane sugar is an example. If many mono- or di- saccharides 
are combined, a polysacchariefe is formed, and the most impor- 
tant of these are starch in the vegetable kingdom and glycogen 
in the animal kingdom. Starch and glycogen may be resolved 
by digestion with hydrochloric acid into their component 
monosaccharides. The carbohydrates are one of the main 
sources of our energy, for they can be readily burnt up in 
the body with the resulting evolution of heat or energy. 


FATS AND SALTS: THE ECONOMICAL FUELS 

T he fats are composed of carbon, hydrogen, and oxygen, 
like the carbohydrates, but they contain a larger proportion 
of carbon and hydrogen and less oxygen so that when burnt 
up more heat is generated than when the carbohydrates are 
burnt. The fats, therefore, are the most economical of fuel. 
They give us the best money’s worth. As found in nature. 
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the fats are combinations of a fatty acid and glycerine, a so- 
called neutral fat. Digestion will result in resolution into the 
two component parts. 

The fourth class of substances are the salts. The simplest 
example of these is common household .salt vshich, as is well 
known, is composed of an atom of sodium and an atom of 
chlorine. Its formula is NaCl. Many other mineral salts enter 
into our food, but they are not of much interest here, for 
digestion has no effect upon them and they are absorbed 
unchanged into the circulation. 'I'heir use is a complicated 
biochemical one and they are certainly essential to life, but 
we are not concerned with them in this connection. 

THE DIGESTIVE MACHINERY 

T he object of digestion is to break down the con.stitucnts 
of the food into the simplest parts, so that the food is more 
readily absorbed. Also the proteins must be broken down first, 
so that they may be built up later into proteins characteristic of 
the animal that uses them. Mutton protein as such would be 
useless to man. It must be absorbed in pieces so that he can 
make his own peculiar protein for himself. 

Digestion is accomplished by means of certain juices which 
break up the constituents of the food. These juices are secreted 
by glands. A typical gland is composed of a number of cells 
arranged to form a flask or retort, from the opening of which 
a duct leads. The cells have the power of taking substances 
from the blood and converting them into juices or secretions 
which are carried down the duct to the place where they are 
used. Each gland is supplied with nerves which control its 
working. 

When food is taken into the mouth, it is broken up into 
small fragments and intimately mixed with the saliva which 
is secreted by certain glands in the neck. This saliva has the 
power of breaking down the starches and polysaccharides into 
disaccharides. The stimulus which makes the glands secrete 
is not only the presence of food in the mouth, but even the 
sight or smell of food. It is a well-known fact that the “ mouth 
will water even at the sight of some tasty morsel. 

When the food is swallowed, it reaches the stomach, and 
here it comes under the powerful influence of the gastric juice, 
which breaks down the proteins into proteoses and peptones 
and has some small action on the sugars. The mechanism of 
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the secretion of gastric juice has been well shown by Pavlov’s 
experiments with dogs. He cut the gullet in the neck and 
brought each end to the surface, so that food swallowed by 
the dog did not go into the stomach but was discharged from 
the cut end. He also brought a small part of the stomach to 
the surface of the body, so that he could directly watch how 
much juice was secreted. 

He found that the sight or smell of food, even if it was not 
, given to the dog, would start the stomach secreting. If food 
was swallowed, the stomach would secrete, even if food did 
not reach it. Also if food was introduced into the stomach 
without the knowledge of the dog, as could easily be done, 
the stomach would secrete, but the amount of secretion de- 
pended on the character of the food. Meat was more potent 
in producing a flow than bread, for example. Here, laid before 
us, is the whole mechanism of glandular secretion. First comes 
the psychical secretion at the sight of food, then the mere 
presence of food in the stomach from its mechanical action, 
and thirdly the chemical stimulus from the nature of the food. 

HOW THE FUEL IS BROKEN UP 

A fter the*food leaves the stomach it enters the duodenum, 
which is the next part of the bowel. Into this open two 
ducts, one the bile duct from the liver and the other the pan- 
creatic duct from the pancreas. The juice from the pancreas 
contains several ferments which act in conjunction with the 
bile. This, though it contains no ferments itself, is a powerful 
assistant to the pancreatic juice. Between them these two 
juices break up the remains of the proteins into polypeptides 
and amino acids, the fats into fatty acids and glycerine, and 
the sugars and starches into monosaccharides. 

Some few of the food constituents will have escaped the 
breaking-down process, and these are acted upon by a juice, 
the succus entericus, which is secreted by the small intestine 
itself. The result is that the contents of the intestine now 
consist of a fluid mass containing amino acids, fatty acids, 
glycerine and monosaccharides in such a condition that they 
are ready for absorption. 

HOW FOOD GETS INTO THE BLOOD 

T he intestine is well supplied by blood vessels and lymphatics 
into which the products of digestion can be taken. The. 
mechanism by which this is aflPected is by no means certain. 
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and the probability of its exact working being discovered is 
remote, for the process is an obscure and essentially vital one 
that would require a knowledge of the deepest secrets of the 
cells themselves. It may be stated that during absorption 
work is performed by the cells, for they have to work against 
a definite pressure. The contents of the intestine are more 
concentrated than the blood, and iherefore water will tend to 
pass out of the tissues into the bowel. 

This tendency to equalise concentration on both sides of a 
membrane is known as osmotic pressure, and the cells have 
to work against it in absorbing material into the blood. One 
thing, however, we do know, and that is that the finger-like 
processes known as villi, which cover the inside of the intestine, 
are contractile elements. I'heir function is to increase the 
effective area over which the absorption can take place and 
also to assist it mechanically. 

A villus is a minute structure, like the frond of a sea- 
anemone, covered on the outside with absorbing cells and 
filled with soft, connective tissue. Running up the centre is 
a lymphatic vessel and blood vessels into which the products 
are absorbed. There is also a muscle which can increase and 
decrease the volume of the villus, so that suction on the 
contents of the bowel can be applied. 'Fhis suction sucks the 
bowel contents through the cells and not through any opening. 
Under certain circumstances the villi can be seen contracting 
rhythmically under the microscope, proving the action, d his 
is all that we know of the mechanism of absorption, and it is 
by no means the whole story. 

The fats, which have been re-synthesised in the villi after 
their splitting in the bowel, are absorbed into the lymphatics, 
and later enter the blood stream. The sugars and amino aciJs 
are absorbed into branches of the portal vein, and pass from 
there to the liver, as we know from our anatomy. 

THE LIVER : CHEMICAL FACTORY OF THE BODY 

W HEN the sugars reach the liver, they are converted by 
the activity of the liver cells into glycogen, which, as 
we have mentioned before, is a complex starch made up of 
many monosaccharide molecules. The glycogen is stored in 
the liver and later, as required, split down again into glucose 
and passed into the circulation, where it is used directly by 
the tissues. The liver, thus, is a storehouse for sugar and 
prevents its too rapid use. 

S.L.T. 
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Of the amino acids absorbed, some are burnt up in the same 
way as the sugars are, in order to provide warnxth and energy, 
and the liver plays a large part in this process. Before they can 
be burnt, they must be converted into sugars, and this action 
is performed by the liver, which removes the nitrogen from 
their molecules so that it can be excreted by the kidneys. 
Those amino acids which are not burnt up for energy escape 
the gauntlet of the liver and pass to the body cells in general, 
where they are built up into complex human proteins. 

This is the part of our food which replaces the wear and 
tear of the body and is so essential for the well-being of an 
adult and the growth of a child. We require actually only 
sufficient protein in our diet to enable us to replace our wear 
and tear. Sugar and fat can supply the energy, but they can 
never be of use in this particular way. This, too, is why 
growing children require so much more protein than adults. 

The fats also eventually reach the liver by way of the general 
blood stream. Some of them after absorption are taken up by 
the fat cells under the skin and in other parts of the body, and 
stored there until they are wanted for the production of energy. 
Before they can be burnt, however, they must pass through the 
liver, which changes them slightly and so makes them more 
readily combustible. 

The liver is one of the important workshops in which sugar 
is converted into fat. That this is possible in the body is 
interesting, for it is the cause of fatness in many people 
to-day. It was for long considered that excessive eating of 
sugar could lead to obesity, and it was proved conclusively 
by feeding two pigs of the same litter, one with and one 
without sugar. The weight of fat in the pig fed with sugar 
greatly exceeded the fat in the body of the one who had gone 
without. The majority of people to-day who are unduly fat 
could reduce comfortably by cutting down their diet, espe- 
cially that part containing sugar. 

INSULIN: THE MATCH THAT LIGHTS OUR FIRES 

T he story of insulin is a fascinating one, but we can deal 
with it only very briefly here. Our warmth, energy and 
muscular activity depend upon the amount of fat and sugar 
which is burnt inside our bodies. Before fat can be burnt, 
sugar must be burnt, too — the fat is, as it were, burnt up in 
the heat generated by the carbohydrate fires. If sugar is not 
burnt at the same time as fat, the fat is incompletely burnt 
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and the products of its disintegration are poisonous. They 
arc known as ketone bodies, owing to their chemical composi- 
tion. This unhappy result takes place either when there is 
no sugar to burn with the fat, as during a prolonged starva- 
tion, or when the sugar, though present in abundance, cannot 
for some reason be burnt itself. 

Insulin is a substance secreted into the blood stream by the 
pancreas, which makes it possible for the body to burn sugar. 
Without insulin no sugar can be burnt nor, of course, can the 
fat be completely used up. The result of this is that sugar 
accumulates in the blood and overflows into the urine, while 
poisonous products of fat metabolism, the ketone bodies, 
appear in the body and may eventually cause death. The cure 
for this condition which, of course is diabetes, is the injection 
of insulin under the skin. The insulin puts a match, as it were, 
to the fires of carbohydrate metabolism in which the fats are 
completely burnt without leaving a trace of poisonous ash. 


THE CHEMICAL MESSENGERS OF THE 
BLOOD 

W E have seen how the ordinary glands of the body produce 
their secretions and how the latter pass down particular 
ducts to the sites where they act. We have now to deal with 
those glands which have no duct and pass their secretions 
direct into the blood stream. These glands arc therefore 
known as ductless glands. 

In those humble forms of life, in which the organism con- 
tains only one cell, any movement or reaction which the cell 
undergoes must be due to physical or chemical stimulation 
by its environment. Single-celled organisms will be attracted 
or repelled by heat or cold or by chemical substances present 
in solution around them. In those animals, which contain not 
one but many cells, a similar response takes place, for certain 
glands throw out into the blood stream substances which act 
as messengers, producing reactions in those cells with which 
the blood comes in contact. These chemical messengers are 
known as hormones. . . 

THE THYROID GLAND: SPEED REGULATOR OF OUR LIVES 

P ERHAPS the best known of the ductless glands is the thyjoid, 
which lies in front of the windpipe or trachea in the neck. 
This gland is composed of a number of more or less spherical 
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POSITION OF THE THYROID GLAND 
The gland embracing the Adames apple, whose secretion 
affects growth and exercises a profound influence upon all 
the body cells, 

bulbs or alveoli. They are like flasks but there is no opening. 
The interior of the alveolus is filled with a transparent mass of 
material called colloid, which is secreted by cubical cells lining 
the alveolus. Between the alveoli are numerous blood vessels 
into which the secretion is absorbed to be distributed all over 
the body. The active principle of the thyroid gland is a 
substance called thyroxine which has been completely investi- 
gated chemically, whose formula is known, and which has 
been synthesised in the laboratory. It is the only ductless 
gland secretion which exerts any effect when taken by the 
mouth, for it is unaffected by digestion. All the others are 
completely destroyed by the processes of digestion so that 
they must be taken by injection to exert any effect. 

The role played by the thyroid has been worked out by 
studying the effects of the removal of the gland from animals 
and by injecting extracts of the glands into animals from 
which it has been removed. Also, certain individuals, known 
as cretins, have the misfortune to be bom with insufficient 
thyroid secretion, while others suffer from a disease kngwn 
as exophthalmic goitre in which the gland secretes excessively. 
The cretin presents a picture of under-development both 
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mental and physical. Stunted, pot-bellied and ugly, a cretin 
of twenty may have the appearance and intellect of a child 
of four. If treated sufficiently early, by feeding them with 
thyroid tablets, thes^ creatures may be turned into intelligent 
and useful members of society. 

WHEN THE FIRES OF LIFE BURN LOW: A STRANGE DISEASE 

I N adult life, if the thyroid undergoes regression, a condition 
known as myxoedema is produced. The unfortunate person 
becomes slow and dull of intellect and so forgetful that it is 
quit^ impossible to cure his condition by giving him a bottle 
of thyroid tablets to take home, for he will forget to take them 
when relapse occurs. The skin becomes coarse and dry and 
the hair falls out. The whole aspect of the individual changes 
and he sinks into a purely vegetative existence. The tem- 
perature and pulse rate fall, and he will complain bitterly of 
cold, owing to the lowered rate at which the fires of meta- 
bolism are burning. The appetite goes and there is little desire 
for food, and with it falls the amount of waste products secreted 
in the urine. If the basal metabolic rate, which is the measure 
of the warmth and energy given out by an individual at rest, 
is measured it will be found to be enormously below par. 
This condition is completely curable by feeding the patient 
with thyroid tablets, but they must be administered for the 
rest of his life and never given up, and it must be seen that 
he takes them regularly. 

THE PATIENT WHO LIVES TOO FAST 

A t the opposite end of the scale is Graves’s disease, in which 
the thyroid exhibits a high degree of over-activity. The 
condition is often precipitated by a nervous shock, and the 
patient presents a picture of great excitability. He is exceed- 
ingly restless and always fidgeting, worrying incessantly about 
trivial matters of the least consequence. Sweating is profuse 
and the heart beats at a greatly increased rate. The tempera- 
ture is raised and, owing to the rapid rate at which food and 
body tissues are burnt up, the patient becomes very thin. I'he 
basd metabolic rate will be found to be greatly increased. The 
surest method of curing this condition is to remove the greater 
part of the enlarged thyroid gland by an operation, the results 
of which are sometimes almost miraculous. 

It is therefore clear that the thyroid regulates the rate at 
which we live. It is like the tap on the side of a gas oven 
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which controls the temperature inside. In addition to this, it 
is responsible in part for growth and mental development. 

Some years ago, when the parathyroid glands were insuffi- 
ciently understood, it was noted that patients who had their 
thyroid gland removed for Graves’s disease sometimes went 
into a condition known as tetany. Their nervous systems 
became enormously over-excitable and, at the slightest provo- 
cation, their hands and feet would go into a painful spasm. 
Later it became known that this was because some small 
glands, situated inside the thyroid but differing from it in 
function, had been removed with it. These were the para- 
thyroid glands. 

It was found in addition that the people who suffered from 
tetany had less chalk in their blood than normal people. In 
contrast to this, if a normal animal was given injections of 
an extract of the gland, it was found that the amount of chalk 
in its blood went up until eventually it collapsed and died of 
vomiting and diarrhoea. It will be quite obvious, therefore, 
that the parathyroid hormone regulates the amount of calcium 
or chalk in the blood. Exactly how this is done is not quite 
certain, but there is strong evidence to show that the hormone 
in some way makes the calcium leave the bones and enter 
the blood. 

This suggestion is supported by the fact that people who 
have tumours of their parathyroids, causing them to secrete 
too much hormone, have a curious condition of their bones 
which, because they have too little chalk in them, are rarefied 
and brittle and break under the slightest strain. When the 
parathyroid glands are removed, the bones return to their 
normal condition, showing clearly that the glands were the 
cause of all the trouble. 

THE GLAND THAT DEFENDS US IN EMERGENCY 

L ying on the top of the kidney on each side of the body is a 
./gland known as the suprarenal. It consists of two quite 
separate parts which have nothing whatever to do with one 
another. There is an outer shell or cortex of a yellow colour 
and an inner dark-broWn mass known as the medulla. The 
cortex is essential to life, for if it is diseased or removed the 
animal becomes pigmented and its blood pressure falls until 
eventually it dies. Sometimes when the cortex is over-active; 
the individual reverts apparently to the opposite sex. For 
example, a woman will develop a coarse beard all over her 
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face, like a man. This is often the cause of the so-called 
bearded women sometimes seen in circuses. 

The medulla, however, is quite different, tor it secretes a 
substance known as adrenalin, which is now well known and 
has actually been made in the laboratory. The action of 
adrenalin may be summarised by sayin^y that it makes the 
animal alert and puts it in the best position to defend itself 
when attacked. Thus if adrenalin is injected into an animal, 
it makes all the blood vessels contract in th^‘sc parts of the 
body which are not useful in fighting and drivts the blood 
into more useful channels. The blood vessels of the intestines 
are emptied so that more blood can go to the brain and muscles. 
At the same time, adrenalin increases the force and rate at 
which the heart beats, so that more blood is available for 
rapidly-working organs. The effects of adrenalin are exactly 
similar to those produced by the sympathetic nervous system, 
for the suprarenal actually is a part of the sympathetic ner- 
vous system and is actuated by it. One other action of 
adrenalin is of interest, and this is its effect on the muscles 
which control the hairs. Each hair has a minute muscle 
attached to its base which, when it contracts, will make 
the hair stand on end. Both stimulation of the sympathetic 
nerve and the application of adrenalin will result in contraction 
of the muscle so that the hair is erected. 

If this happens all over the body, as it docs, for example, 
in the cat, the animal will be bristling with hairs all over and 
will appear much larger and more formidable to its enemies. 
The same action is seen in the hedgehog, only here it produces 
not only an apparent but also a real protection, for with the 
spines erected the animal presents an almost impregnable 
fortress. In man, goose-flesh is produced by some shocking 
or revolting sight, and excessive fear will result in our hair 
standing on end. 

The proof that adrenalin is secreted under conditions of 
fear and can cause these effects is experimental and very 
interesting. A cat, under anaesthesia, had a long glass tube 
passed into a vein in its leg and running right up into the 
abdomen to a point where blood was returned into the inferior 
vena cava from the suprarenal glands. Blood from the supra- 
renals could thus be drawn off directly whenever desired. 
After a time, when the cat had recovered from the anaesthetic, 
it was frightened by a dog barking in the same room and some 
of the blood from the tube was drawn off. When this was used 
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for perfusing an isolated heart, the rate at which the heart was 
beating was increased. In addition, when this blood was in- 
jected into another cat, all the effects of adrenalin were 
produced. 

THE GLAND THAT CONTROLS OUR GROWTH 

S ITUATED at the base of the brain and hanging down from it 
is a gland known as the pituitary. It is divided by a septum 
into two parts, known as the anterior and posterior lobes, 
which have quite different functions. The anterior lobe is 
one of the main organs which control growth in young ani- 
mals and keep it in check in older ones. If the pituitary is 
experimentally destroyed in young animals, they fail to grow 
and they also fail to exhibit sexual development — that is, the 
organs of sex remain in an infantile condition. 

Overgrowth of the gland has been shown to give rise to 
gigantism, a condition in which all the bones of the body show 
a more or less harmonious overgrowth, with the production 
of a giant instead of an individual of normal proportions. In 
the same way, rats may be caused to grow to enormous sizes 
by giving them injections of the anterior lobe of the pituitary 
when they are young. 

If the overgrowth of the gland occurs when the individual 
is already fully grown, it produces the curious condition known 
as acromegaly. Here only a few of the bones undergo unusual 
enlargement, these being the hands, which are large and spadc- 
like, and the lower jaw, which becomes heavy and projects 
forwards unduly, so that the lower teeth come to lie in front 
of the upper when the jaws are closed. The face grows long 
and heavy, and the nose becomes very accentuated, the whole 
facial expression being changed to one of extreme ugliness 
such as is best described by the expression “ Ian tern -jawed.” 

The posterior lobe secretes several hormones, one of which 
makes the blood vessels contract and another which has a 
special influence on the muscle of the womb during labour. 
For this reason it is much used during childbirth when the 
womb contracts only feebly. This substance goes by the 
name of “ pituitrin.” 

THE GLAND THAT CONTROLS MENSTRUATION 

I N addition to producing the ova or egg cells, which we shall 
consider later, the ovary has severS very interesting and 
important functions. In childhood it secretes a substance 
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known as cEstrin, which is responsible for growth and de- 
velops the secondary sexual characteristics. In fact it makes 
a girl into a woman and is responsilde for all the differences 
between men and women that appear at the age of puberty. 
At this age a woman commences to menstruate, that is, she 
bleeds every month from the womb. This ptocess, which 
has caused so much trouble, is really a mechanism by which 
an egg cell, which is discharged from the ovary every month, 
may, if it becomes fertilised, find a new and di^an home in 
which to develop. When the ovum does not become fertilised, 
the womb casts it out, as it were, and repairs itseli in readiness 
for the next opportunity. 

The ovary contains certain structures, known as follicles, 
which produce the ova each month. Before the ovum is ripe 
and is ready to be thrown out of the ovary, the follicle pro- 
duces OEStrin in fairly large amounts. The action of this 
substance is to prepare the inside of the womb for the recep- 
tion of the fertilised egg. Later, wlicn the ovum has been cast 
out of the ovary and is ready for fertilisation, the remains of 
the follicle produce a new substance known as lutein, which 
keeps the womb in good condition and assists the implantation 
of the ovum. 

If the ovum is fertilised, it becomes imbedded in the womb 
and pregnancy ensues. The lutein secreted by the ovary helps 
in this process and prevents menstruation occurring. It also 
produces enlargement of the breasts, so that the infant can 
suckle when born. After eight months it begins to disappear 
and allows labour and the birth of the child to take place. If, 
however, the ovum is not fertilised, the follicle, which is :>till 
producing lutein and stopping menstruation, begins to dis- 
appear after ten days, so menstruation takes place in prepara- 
tion for the next ovum which the ovary will discharge the 
following month. 

CAN MONKEY GLANDS GIVE NEW LIFE TO MAN? 

T he testis, the organ which produces the male germ cells 
or spermatozoa, elaborates also a hormone which is respon- 
sible for the secondary sexual characterrstics that appear in 
man. If deprived of this organ, man fails to grow hair upon 
his face and body, and the voice remains high-pitched and 
“ unbroken,** owing to under-development of the larynx. 
Eunuchs, too, are invariably fat. 

VoronoIF has claimed that many of the manifestations of 
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old age are due to the fact that the testis runs out of secretion 
and fails to keep the body in good repair. He grafted the 
testes of monkeys into patients who were growing old and 
claims that they became rejuvenated. Whether his results 
are as good as popular opinion would lead us to suppose is 
uncertain, but it would seem to be a dangerous experiment, 
for it is, as it were, driving too hard a dying horse. The last 
years of life may be made more exciting and the patient may 
feel younger, but the machine will probably run down more 
rapidly and life come to an end sooner and in a more spec- 
tacular manner. 

It must not be supposed that the ductless glands work 
separately and independently of one another. Each affects 
the others, and any upset in one will lead to corresi>onding 
upsets in the rest. A balance is normally effected between 
all the hormones circulating in the blood, and on this balance 
our well-being depends. Some people place disturbances of 
the ductless glands as the cause of many of our obscure con- 
ditions of ill-health, others say that they are responsible for 
all the differences in personalities and psychical qualities that 
exist between each one of us. However much truth there is 
in these theories, one thing is certain and that is that we know 
very little of their relationships one to another, that much 
will be found out in the next few years, and that meanwhile 
we should be wary in upsetting the balance by dosing people 
with products of the ductless glands without adequate cause. 


THE HEART: VORTEX OF CIRCULATION 

I N the section on Anatomy, we learned that the heart con- 
sists of four muscular chambers, and we considered the 
main points in the anatomy of the circulation as a whole. 
Here it is our business to discuss the mechanisms by which 
the circulation is kept going and under what circumstances 
it varies. 

If we cut out the heart from an animal immediately after 
death, we shall find that it will continue to beat rhythmically 
for a short period of its own accord. If we now supply it, 
through the openings of its vessels, with a nutrient fluid, we 
can keep it going for a longer period, and we can study it as' 
simply as we could study any other purely mechanical machine. 
We shall find that the heart of itself has an inherent power 
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of beating rhythmically and that the direction of the blood 
flow through the heart is always the same and is determined 
by the valves. The first thing that happens is that the auricles 
fill from the veins and then contract, driving the blood through 
the auriculo-ventricular valves into the v'^ntiicies. Both 
auricles contract simultaneously. One-tenth of a second 
later the ventricles contract, again siinultaneoiisly, and drive 
the blood into the arteries. Regurgitation of blood, as we 
have seen, is prevented by the valves. 

LAWS THAT THE HEART MUST OBEY 

T here are tv^^o “ laws which govern the working of the 
heart as a machine and which are of the greatest importiince 
and interest. The first is that each muscular fibre of the heart 
always contracts to the very best of its ability at any one 
moment. A fibre can give only one kind of contraction at any 
moment, namely the maximal. A fibre contracts completely 
or not at all. This is known as the “ All or None Law.*’ The 
maximal contraction will vary from time to time according to 
circumstances, but each contracting fibre is always bound to 
do its best under the circumstances existing at the moment. 

The second law is known as “ Starling’s Law of the Heart,” 
and states that within certain limits the longer a muscle fibre 
becomes, owing to stretching, the better and more forcibly it 
will contract. The best that a fibre can do is increased if the 
fibre is lengthened. 

The vast importance of this is that, if a larger than usual 
amount of blood comes to the heart via the veins, the heart 
will be unusually distended with blood and its muscle fibres 
will be lengthened. They will therefore be capable of more 
vigorous contraction, and the heart will consequently be able 
to pump out the extra amount of blood without becoming 
dilated or actually bursting. 

It is a defence mechanism, preventing the heart from being 
disabled and automatically ensuring that the heart responds 
at once to the work required of it. In exactly the same way 
if the pressure in the arteries is increased for any reason, as 
in exercise, the heart must do more work in pumping out 
blood against a greater resistance. Temporarily blood is 
dammed back into the heart, but immediately the fibres 
become lengthened owing to the distension by the blood 
dammed back, and they contract more forcibly enabling the 
heart to cope with the increase in work required of it. 
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THE NERVES THAT CONTROL OUR HEART-BEATS 

I N the wall of the right auricle is a collection of nerve 
cells which start the contractions of the heart. From this 
point the contraction spreads over the heart like a wave. 
It is by virtue of this collection of cells that the heart is 
enabled to beat when it is cut out of the body. These 
nerve cells are known as the sino-auriculo node, and in the 
body they are controlled by two nerves coming from the 
central nervous system — one, the vagus, from the brain ; 
the other, the sympathetic, which comes eventually from the 
spinal cord. 

These nerves influence the rate of the heart. This can be 
proved if the nerves are cut one by one. If the vagus is cut, 
the heart will beat more rapidly, for its slowing influence is 
removed. If the cut end which leads to the heart is stimu- 
lated by an electric current, the heart will beat more slowly. 
If the S5rmpathetic is cut, the heart will beat more slowly, 
and if its cut end is stimulated, the heart will beat faster. 
The vagus, therefore, slows the heart and the sympathetic 
quickens it. 

In the walls of the great veins entering the heart are certain 
nerve fibres which are sensitive to stretching when the veins 
are dilated by a large volume of blood. These nerves collect 
themselves into a bundle of fibres, which pass to the central 
nervous system and form connection with the vagus and sym- 
pathetic. They subserve a reflex known as Bainbridge's Reflex, 
and their function is to drive the heart faster in order to cope 
with an extra amount of blood coming to it. When the veins 
are engorged, these nerves are stretched and impulses pass to 
the nervous system which inhibit the vagus and stimulate the 
sympathetic so that the heart beats faster. 

On the other side of the heart, in the wall of the aorta, are 
some nerve fibres which join to form the depressor nerve 
which subserves the depressor reflex. If the pressure in the 
aorta is increased, these nerve fibres are stretched and impulses 
pass up them to the nervous system, where the vagus is stimu- 
lated and the sympathetic inhibited so that the heart is slowed. 
This, of course, is a defensive mechanism to prevent the blood 
pressure from becoming too high. Both these reflexes act 
purely automatically, of course, and we know nothing about 
it when they are brought into play, for their activity never 
comes into consciousness. 
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HOW THE BLOOD IS SENT BACK TO THE HEART 

A t first sight it would seem difficult to understand why 
blood returns to the heart from the capillaries without 
an5rthing to drive it. The heart itself drives the blood to the 
capillaries, but there is no heart to drive it back. There arc 
three things that assist the return by the veins » the first being 
the fact that there are valves interposed in the course of the 
veins, preventing the blood flowing backwards — away from 
the heart. This can be demonstrated quite clearly by choosing 
any vein which stands out sharply in the arm and running a 
finger firmly down it towards the hand, finally compressing 
the vein with the finger so that no further blood can enter 
it. The blood will flow backwards from above until a valve is 
encountered, where it will be held up. The vein below the 
valve, and between it and the finger, will remain quite empty 
so long as the pressure is kept up. 

The flow of blood back to the heart is greatly assisted by 
the contraction of the muscles which under normal circum- 
stances is continually taking place. The muscles squeeze the 
blood along the veins and help to counteract the influence of 
gravity. The third factor of great importance is the negative 
pressure — i.e. pressure less than atmospheric — ^which exists in 
the thorax and which is greatly increased when we inspire. 
This negative pressure which surrounds the great veins enter- 
ing the heart is constantly tending to suck blood into them, 
thus returning it to the heart. 

WHAT HAPPENS BETWEEN HEART-BEATS 

T he pressure which the blood exerts in the arteries is^ of 
course, dependent on the amount of blood which the 
heart pumps out on each beat. If the arteries were rigid 
tubes, this pressure would fall and rise with every beat of the 
heart, or would fall almost to zero between each beat when 
no blood was leaving the heart or entering the arteries. Nature 
has guarded against such an untoward result by making the 
arteries elastic, so that they expand when blood is forced into 
them and store up the blood. 

When the heart finishes its beat and is resting in preparation 
for the next, the arteries rebound by their elasticity, so that 
the pressure is kept within reasonable limits and blood is 
forced into the capillaries in a continuous stream, instead of 
in an intermittent one. In old age the arteries become de- 
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generate and hardened and lose their elasticity, so that the 
blood pressure becomes higher and fluctuates more when the 
heart l^ats. 

THE COMPLICATED PROCESS OF RUNNING A RACE 

W E have seen briefly how the heart works by itself and 
how it works when controlled by its nerves. In order 
to see it in action in relation to the body as a whole, let us 
see what is the effect upon it of exercise, say the running of 
a strenuous hundred-yards race. The muscles all over the body, 
but especially those in the legs, are working much harder than 
normal, so that they ’will require a greatly increased blood 
supply in order to enable them to work efficiently. This 
extra blood must be supplied by the heart which pumps blood 
round the circulation more rapidly. 

Because the muscles are working and contracting, they will 
squeeze more blood back to the heart, and this effect will be 
help>ed by the increasing rate and depth of breathing, which 
will suck the blood back into the thorax. Respiration is in- 
creased, of course, so that the blood may become more oxy- 
genated and therefore be of more use to the hard-working 
muscles. The increasing venous return, both because it 
elongates the muscle fibres of the heart and because it sets 
the Bainbridge reflex in operation, results in the heart doing 
more work and throwing out more blood into the circulation 
at each beat. 

Meanwhile the suprarenal glands secrete adrenalin into the 
blood stream, and this substance increases the force of the 
heart beat, adding its support to all the other mechanisms. 
Adrenalin, however, has quite a different action as well, for 
it has the peculiar property of making the blood vessels of 
the structures inside the abdomen contract and squeeze out 
their blood, which then becomes available for a more impor- 
tant purp>ose. Adrenalin ensures that no blood is wasted in 
supplying organs that do not need it at the moment. It sends 
it to organs whose need is greater. 

Such are the provisions that Nature makes to enable us to 
work without undue strain being put upon our hearts or 
muscles. Such a system works to perfection so long as the 
strain is not too great. The heart, however, being a vital 
organ, must be protected from overstrain, and it will always 
happen that the muscles will become too tired to work before 
any dangerous strain is placed on the heart. Work will always 
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cease and allow of a breathing space before the vital structures 
are endangered. 

It follows from this that a person with a perfectly healthy 
heart cannot possibly strain it by doing too much exercise, 
whether by road-breaking or by playing a Iiard game of foot- 
ball. It is only in those cases where the hca; t is already diseased 
and where the staying power of the muscles exceeds that of 
the heart that any damage can be done. Tht; muscles may 
then outwear the heart and subject an already diseased organ 
perhaps to breaking strain. I'his is the reason why people 
who really suffer from heart disease must be extremely careful 
in the exercise they take. But the heart is far less easily damaged 
than is generally supposed. 


THE VITAL STREAM ON WHICH 
LIFE DEPENDS 

M illions of years ago, when the first living creatures 
made their appearance in this world, they were a)m- 
posed only of one single cell w'hich extracted its nutriment 
and life-giving oxygen from the water in which it lived. In 
those far-off days, nothing could live outside the water which 
prevented it from drying up and dying and which provided 
a surrounding always cgnstant in composition. As time went 
on and more living things developed, certain cells began to 
form a skin which prevented drying and enabled the organism 
to live in the air and to be independent of the water which 
previously nourished it. 

Before this could happen, however, a substitute for vvater 
had to be found, and it was necessary that this subrt’tii«^r 
should bathe every cell in the body with its Irrounrtu^,'; ^ Ger- 
ties, so that each cell could continue to 1* ic. ' The substitute 
which the animals developed was blood, and the functions it 
serves are those which we have mentioned. 

Blood is a fluid which, between the narrowest of limits, is 
always of the same composition ; it has the peculiar property 
of being able to carry oxygen from the lungs and pass it on 
to all the living cells, no matter where they are situated, and 
it carries food substances for the cells, which enable them to 
carry on their various activities and to repair the wear and 
tear which work imposes on them. In addition, it carries the 
chemical messengers which we have discussed already, and 
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also certain substances which the body produces for its defence 
against various germs. ^ ' ' - -- 

THE RED MILLIONS WHICH RRING LIFE TO THE TISSUES 

I F we place a drop of blood under the microscope, we shall 
find that floating in a straw-coloured fluid are millions upon 
millions of tiny cells. These cells can be divided into two great 
groups which serve quite different functions. The first group 
are the red cells, whose role is to carry oxygen from one part 
of the body to another. Each red-cell is a tiny circular disc, so 
small that its diameter is only seven-thousandths of a milli- 
metre and its thickness only one-thousandth. The red-cells 
are so numerous that in one cubic millimetre of blood, which 
is a quantity considerably less than the size of a pin’s head, 
are no less than five million red -cells. If the number falls to 
three millions, we complain that we are suffering from anaemia. 

The cell is composed of a thin membrane outside, with a 
sponge-work of the same material inside, holding in its meshes 
a solution of haemoglobin. This chemical substance is respon- 
sible for the oxygen-carrying properties of the red-cells. Haemo- 
globin has the property of combining with several substances 
if these are presented to it in sufficient quantity. At a given 
moment, it will take up large quantities of certain substances, 
if present in excess, and give them up when they are present 
only in small quantities in its surroundings. 

Let us suppose that we have a single red-cell in one of the 
small arteries leading to the tissues. This red-cell is saturated 
with oxygen. When it reaches the tissues, its surroundings 
are nearly devoid of oxygen but highly impregnated with 
carbon dioxide, a gas which is produced by the tissues when 
thej up food substances. The red-cell is forced to give 
up its oxygen, wlii'^h is greedily seized and used by the tissues, 
and at the same time it takes up the carbon dioxide which the 
tissues have produced aii*^ must get rid of. 

The red-cell then contim». on its journey through the veins 
and heart and eventually reaches the lungs. Here, because the 
lungs are filled with air, the concentration of oxygen is high 
and that of the carbon dioxide is very low, so the red-cell 
exchanges its load of carbon dioxide for a further load of. 
oxygen and goes upon its beneficent round once more. The 
function of the red-cell, therefore, is to provide the tissues 
with oxygen and to carry away their waste products. 
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TINY CELLS THAT ARE SCAVENGERS OF THE BLOOD 

I N each cubic millimetre of blood are about nine thousand 
white cells of several different kinds. The functions of 
some of these are quite unknovt^, but others have been seen 
to do their work under the microscope, and we know- a great 
deal about them. One of the best-known, and one which is 
fairly typical of the others which do the samt work, is known 
rather grandiosely as tne Polymfnphonuclcar \<‘iitrophil Leu- 
cocyte. This name describes it, for it is a white cell (Leuco- 
cyte) which takes up neutral d\cs when stained (neutrophil) 
and its nucleus is usually divided up into several lobes and 
may take on many different shapes. It is known for short 
as a polymorph. 

These cells behave in the blood and tissues exactly as does 
the single-celled amoeba which lives in the water of our 
country ponds and is taken as the prototype of the conrt.- 
mencement of animal life. If an amaba or a polymorph 
finds itself in close proximity to a small particle of matter, 
it will throw out long processes of its substance, surround 
the particle, engulf it and digest it. This procedure cannot be 
described as a voluntary one on the part of the cell ; it is 
merely the reaction which is forced upon the cell by chemical 
substances exuding from the particle in question. 

The amoeba and the polymorph are not free agents in the 
matter, for they have only two courses open to them. Faced 
with a body which produces any reaction upon them, ihey 
will either move away from it if the substance repels them, 
or will engulf it, if it attracts them. It is the chemical lom- 
position of the body which determines their reaction and 
any voluntary process on their own part. 

The amoeba engulfs a particle in its svrrounamgs only for 
the purpose of supplying itscif witl^ food, but, while the 
polymorph may do this, its main function is to eat up and 
digest and destroy foreign bodies, germs and the like which 
might prove dangerous to the body in general. Very often 
the germs are so virulent that they may multiply inside the 
body of the polymorph instead of being digested, and in this 
case the cell will die in the perlo, mance of its duty. 

If polymorphs from the blood are placed on a microscope 
together with disease-producing germs, this process can be 
watched directly and a graphic record may be taken by the 
cinematograph which will show it up to perfection. The 
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polymorphs will engulf the bacteria and, under favourable 
circumstances, they will be seen to disappear under the in- 
fluence of digestion. The polymorphs are thus the scavengers 
of the blood and represent the first line of defence of the 
body against disease-producing germs. 

WHEN THE BLOOD CLOTS FOB OUR PROTECTION 

XNCORPORATED in the blood are a third group of tiny bodies, 
Asmaller even than the red-cells, which are known as plate- 
lets. Their job is to assist in the formation of a clot, when 
this proves necessary. When small blood vessels are cut 
by accident, blood will pour out and, unless something is 
done to stop it, the bleeding will continue indefinitely until 
no more blood is left in the body. Clotting of the blood is 
the first defence which the body puts up to prevent severe 
bleeding after an accident, and it is also one of the ways in 
which the spread of infection is stopped in severe cases because, 
through it, the circulation is stopped in the infected area, with 
the result that the infecting organism dies and is cast off 
without the infection becoming generalised. 

Clotting, therefore, is essentially a reaction to damage, and 
only this may start the processes which lead to clotting. How 
disastrous it would be if all the blood in our body were liable 
to clot for no apparent reason! Nature has arranged there- 
fore that severe damage, and only this, shall lead to a clot 
forming in the vessels of the affected part. The whole chemi- 
cal mechanism is a very complicated one and cannot be gone 
into fully here, but we may briefly say that three substances, 
including calcium, are always present in the circulating blood. 
When tissues are damaged and bleeding takes place, the plate- 
Ir^ become damaged and from the tissues and platelets 
is produced a substance known as thrombokinase which works 
upon the three chemicals we have mentioned until a clot is 
produced. 

When a vessel is cut, clotting is the first defence against 
severe bleeding. Soon, however, cells begin to wander into 
the clot which becomes organised later into solid, immovable 
living fibrous tissue which ensures that no further bleeding 
can take place. What disastrous consequences can follow 
inability of the blood to clot can well be seen in the condi- 
tion known as Haemophilia. This disease is a rarity and 
no one yet knows the exact cause of it. The essential trouble 
is that the blood will not clot in the normal time, with the 



THE STREAM ON WHICH LIFE DEPENDS 37I 

result that the unfortunate victim will bleed to death after 
the most trivial of injuries — for example, if a tooth is removed. 

HOW THE TISSUES DEFEND AND REFAIR THEMSELVES 

I F the tissues are damaged in any way, either from violence 
or as the result of infection by germs, a definite train of 
events follows. First, as there is much work to be done by 
the cells in defending themselves, the blood supply must be 
increased. This is accomplished by dilating tlu* blood vessels 
which supply the infected part, the dilation itself being the 
result of a reflex which is set in motion at the site of damage. 

After a time the circulation slows and large quantities of 
fluid from the blood escape into the tissues through the 
damaged vessel walls in order to dilute the poisons which the 
infection is producing and to carry substances which will 
destroy these poisons. At the same time, polymorphs actively 
make their way through the walls of the vessels and creep 
into the tissues, attracted by the chemical substances pro- 
duced by germs and damaged tissues. Here they eat up and 
remove the germs and any tissues that may be dead. Later 
fibrous tissue grows into the wound which is thus replaced 
by a fibrous scar. 

Everyone knows the signs of inflammation. These are heat, 
redness, swelling and pain. All these are explainable on the 
basis of the facts we have just mentioned ; because more 
blood is arriving at the part, it becomes hot and red. Fluid 
exuding into the tissues makes it swell and stretches the 
delicate nerves which produce pain. Because the part is 
damaged, it ceases to work, and loss of function results. 
Thus an inflamed joint is not moved and an inflamed muscle 
will not contract. Rest is essential for repair, and this is 
automatically secured. 

THE FORCES THAT KEEP US BREATHING 

W E have seen how the respiration of each cell of the body 
is effected by the red-cells carried in the blood, and we 
have discussed in the section on Anatomy how the lungs 
expand and relax with the chest when breathing takes place. 
What we have not yet explained are the forces which keep 
breathing going on — ^why in fact we breathe at all. Situated 
in the lower part of the brain, just where the spinal cord 
joins it, arc a number of nerve cells which control respira- 
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tion. These cells are connected by nerve fibres directly to 
the muscles which raise the ribs and to the diaphragm. 

These cells, just like the heart, have the property of sending 
out at regular intervals impulses which travel down the nerves 
and activate the muscles. They exhibit, in fact, rh5rthm. 
Moreover, they are exquisitely sensitive to the composition 
of the blood which bathes them. We have seen that the blood 
takes up the waste products of combustion, namely carbon 
dioxide, from the tissues, and we have seen also that it carries 
a large quantity of oxygen picked up in the lungs. These two 
substances are the factors which control respiration, and they 
do it quite automatically. They control, increase and decrease, 
and even abolish the inherent rhythm of these cells which 
have been called the respiratory centre. 

Primarily, the centre depends on the amount of carbon 
dioxide in the blood for the impulses it sends out to start 
breathing. Increase in the carbon dioxide will increase the 
number of impulses sent out in a given time and will increase 
the frequency of breathing, so that more carbon dioxide is 
washed out of the lungs and more will leave the blood. A 
decrease in the carbon dioxide of blood will result in depression 
of respiration, until the carbon dioxide increases once more 
sufficiently to stimulate the cells again. 

A simple experiment that anyone who is sufficiently inter- 
ested can do for himself will prove this. Breathe very deeply 
and at a rapid rate for, say, thirty breaths. You will then find 
that you will stop breathing and not recommence for quite a 
long while. The explanation is that by voluntary forced 
breathing, you have washed out so much carbon dioxide from 
your lungs and blood that your respiratory centre is no longer 
stimulated and ceases to function until the carbon dioxide 
content of the blood rises again to a sufficiently high level. 

Oxygen has rather a different effect upon the centre, for 
when its blood content is low, it makes the centre more sensi- 
tive to the existing content of carbon dioxide, so that a deeper 
and more rapid breathing results. Lack of oxygen has only an 
indirect effect ; carbon dioxide has a direct effect. When we 
climb a high mountain or go up in an aeroplane to a great 
height, we breathe automatically faster, for there is less oxy- 
gen in the air and therefore less in the blood, with the result 
that the respiratory centre is stimulated. It will thus be seen 
that the respiratory centre tends to keep the amount of oxygen 
and carbon dioxide in the blood always within the limits wluch 
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are best suited to the body. An increase or decrease in cither 
will result in immediate and automatic compensation. Thus 
is the blood always kept properly aerated, and thus is the 
removal of some of its waste products automatically ensured. 

We have spoken so far only of the autc’^nalic control of 
breathing. We can, of course, regulate our breathing at will. 
The rib muscles, like any other muscles of their kind, are 
under the voluntary control of the brain. This mechanism, 
however, ensures that we shall always breathe, and enables 
us to breathe without having to devote our attention to it. 

CLEARING OUT THE WASTE: THE KIDNEYS AT WORK 

T he purpose of the kidneys is to remove from the blood 
those waste products which have resulted from cell activity 
in all parts of the body ; the kidneys remove and secrete the 
‘‘ash left over from the fires of life, which, if it accumulated, 
would clog the delicate mechanisms and eventually kill us 
owing to its poisonous effects. Urea and uric acid are the 
main substances which the kidney removes from the blood. 

The tiny blood vessels which result from the division of 
the kidney arteries pass to an enonnous number of structures 
which are known as glomeruli and which are situated only 
in the outer layers of the kidney. A glomerulus may be likened 
to a ball made of a very thin filtering membrane to which is 
attached a tube which opens into the inside of the ball. One 
side of the ball is deeply indented by a mass of capillaries 
which are coiled upon themselves and continually branch, 
forming a densely-packed network. Under the influence of 
the blood pressure a large volume of the fluid part of the 
blood containing the waste p»*oducts is forced through the 
glomerular wall and filters through into the interior of the 
ball. 

This fluid is, of course, identical with the blood fluid, and 
not only contains the waste products but also many substances 
which are valuable to the body and must be reabsorbed. 
The only substances which cannot get through the glomerular 
wall are the proteins contained in the blood fluid, for these 
are formed, as we have seen, of very large molecules and it is 
by virtue of their size that they are retained. The glomerular 
filtrate, therefore, is identical with the blood fluid except that 
it contains no proteins. This has been actually proved, for 
fluid has been drawn off under the microscope from a living 
glomerulus and has been analysed. 
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HOW BLOOD IS FILTERED BY THE KIDNEYS 
Blood brought to the kidneys by the kidney arteries first passes 
into numerous Hny structures known as “ glomeruli and then^ 
leaving its proteins behind^ it filters through the glomerular 
walls into long coiled tubules where all except its waste pro^ 
ducts are absorbed. In the diagram, h is a section through 
the tubule at the point marked A on the main drawing ; B is 
m section across the tubule at the same point. In the inset C a 
glomerulus is drawn greatly enlarged to show the network of 
capillaries forming its core. 

From the glomerulus the filtered fluid passes into the tube 
which leads out of it and here it starts on a long journey. 
The glomerulus is situated in the outer layers of the kidney 
and the first part of the tube remains too in this layer coiling 
and twisting upon itself amongst the glomeruli. Then it 
starts to move straight towards the centre of the kidney and 
having gone about half-way it turns back upon itself, forming 
a loop, and returns again to the outer layers where it becomes^ 
coiled and twisted for the second time. After this it turns 
again towards the kidney centre and joins up with many 
similar tubes which are each coming from a similar glomerulus 
and passes its contents eventually into the ureter. 
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During this, long journey the glomerular filtrate becomes 
greatly changed. It is changed, in fact, from blood fluid into 
urine. All the substances which the body requires and 
must not waste are absorbed into the blood by the cells 
of the tubules through which it [masses. At tic same time an 
enormous volume of w^ater is also reabsorbed by these cells 
so that the urine which leaves the kidney is greatly concen- 
trated and contains only w^aste products and nothing which 
could be of value to the body. A great deal of w’ork is there- 
fore done by the cells lining these tubules, even if we consider 
only the water which has been reabsorbed. It has been esti- 
mated that, in the cat, if the glomeruli filter off twenty-four 
pints of blood fluid, twenty-three and four-fifths pints of water 
is reabsorbed and that only one-fifth of a pint of urine is 
produced. 

EXPERIMENTAL EVIDENCE 

M ant people say that this simple account is not the whole 
story of how the kidney produces urine. They say that in 
addition to absorbing water and some solids the kidney 
tubules also actively secrete waste products into the fluid 
passing down them. Some even go so far as to state that the 
tubules only secrete and do not absorb water, and that it is 
this secretion only which concentrates the urine. 

The problem of how the kidney works is one of the most 
vexed questions in physiology and perhaps more ink and 
paper have been wasted and more wordy battles have occuned 
on it than upon any other subject in the whole of physiology. 
We will leave the matter here and say only that there is g:'od 
experimental evidence that both processes occur, and therelore 
that both parties are probably in a measure right. Anyhow 
it is not a matter of the greatest importance, for we have made 
for ourselves a theory which, if not absolutely correct, is 
sufficient to explain the main workings of the kidney both 
in health and in disease, and from it many excellent methods 
of treating kidney diseases have been worked out. 

So we have filled in some of the detail of our outline sketch 
of the human machine; and we have seen the wonderful 
mechanism of living things consummated and perfected in 
the most complex of living organisms — man. 
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Calcium (kars6-um), 25. 

Camels, 222. 

Capillaries (kap-il'a-riz), 313. 
Capitosaurus (kap'it-o sor-us), 280. 
Capitulum (kap-it'Cl-loom), 66. 
Carbohydrate (teir'bd-hrdrfit), 25. 
Carbon dioxide {kA-'lx>n di-ox^d), 34, 
37 40, 268. 

Caribou (kar'i-b66), 223 
Carpel, 57. 

Cartilage (kAr^tU-ij), tom, 305. 
Cassowaries (kas'd-wtr-iz), a 10. 

Castor -oil plant, 96. 

Caterpillar fungus, 52. 

Catkin, 58- 
Cats, 229-230. 

Ca^nia (kA-td'ni-a), 96-97. 

Cell, animal 122-127. 

stinging. 131. 234, fiS*!- 
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G3axuioepenii8 (gixn'oo-^permz), age of, 
9a. 

HJEMOGI.OBIN (he-mfi-glO'bin), pro- 
perties of, 368. 

Hagiish, 194. 

Hamadryad (ham-a-drl'ad), 205. 

Hand, human. 31 1. 

Hare, 230, 

Harvesters, 187. 

Hawk, 215. 

Hawksbill turtle, 20a. 

Heart, 314. 

— beating of, 362-363. 

— control of, 364. 

— strain, 367. 

Hedgehog, 231. 

Helmct-cmeeked lizard, see pareiasau- 

RUS. 

Hermit crab, 169. 

Herons, 212. 

Hessian fly, losses due to, 185. 

Hipparion (hip-p&r'i-on), 299. 
Hipix>potatnus, 221. 

Honey ants, 246. 

— -dew, 248. 

— -pots, 246. 

Hormones (hor'mdnz), work of, 335-362. 
Horse, 221, 299. 

Horsetails, 47, 84, 93-, [85]. 

Howler monkeys, 232. 

Human foot, 304. 

— machine at work, the, 346-375. 
Humerus (hfl'm^r-us), 309. 

Humming birds,- 215. 

H}r8ena (hl-g'na), 229-230. 

Hydra (hl'dra), 130, [131]. 

Hydrogen (hi'dro-jen), 25, 36. 

Hyphtt (hl'fC) 52, 102, 108-/09, in, 
[109). 

Hyraz (Id^raks), 225. 

ICHNEUMON (ik-nfl'mon), parialtlsm 
by, 189. 

IchthyomJs (ik-thi-or'nis), 296. 
Ichthyosaurs (ik'thi-o-sorz), 282, 287. 
Iguana (jg-wA na), 206. 

Iguanodon (ig-wan'o-don), 290, 292, 
1291]. 

Imago (im-A'go), 179. 

Insecta, 162, 172. 

Insect body, 172. 

— pests, tronsfer of, 235. 

Insects, xoo, 172-185. 

— and cross-pollination, 59-66, 185. 

— life-history, 179-180. 

Insulin, effects of, 355 
Invertebrates, 161-iga. 

Iron and ftihgi, 11 3-1 14. 

— results of deficiency, 36, 

JACKAE, 229. 

Jellyfish, X22, 1 39-134, 

Jux^e fowl, 213. 

KANGAROO, 217. 

Kea (ke'a) 2x5. 

Keel, of peaflower, 63, 


Keraits (k^ts), 205. 

Kidneys, 328. 

— work of, 373. 375, [374). 

Killer whale, 219. 

Kinkajou (king'ka-jdd), 228. 

Kiwi (k£'w6), 210. 

Komodo (k5-m6'd6) dragon, 206. 

Kudu (k6d'd66), 224. 

l,ABE^UM (lab-eroom), 61. 
I^byrinthodonts (lab- ’ -rin ' thd-donts) , 
280. 

I,amel1ibranchiata (lam'el-e-braxik'e-A- 
tA). 146, X56. 

I^ampreys, 194. 

Ivampshell, 276. 

I^ancelct (lans'let), X94. 

Ivand tortoise, 202. 
lapwing, 213. 

X,anra (lAr'vA). 179-180. 
baxynx (lar'inks), 321. 
baver (lA'vfir) the, 51. 
beaf, 30-22, [22 1, [45). 

- energy used in, 19. 

— first appearance of, 82. 

— -hopper, control of, 235. 
bemur (It'mtlr), 232. 
bemuroids (l6'mfir-oids), 232 
I^nticel (len'ti-scl), 13, I13I. 
beopard 230. 

Tycpidodendron (lep'-ido-den'dron), 85. 
Ivcttuoe leaf, composition of, 25. 
beucocytes (lfi'ko-rft2), 369. 
bice, 185. 

bichens (ll'kenz), 5a. 
bight, importance of 36. 
bime, 72. 

Umpets, 146, 159. f*47]. 
bmen, x6. 

binneeus (lin-€'us), 46. 
biver, action of, 353. 

— blood-vessels of, <5x7. 

— work of, 353. 354. 
biverworts. 53. 
bizards, 206. 
blama (lA'ma), 223. 
bobster 162, i66-j68, [168]. 
bondon clay fossils, xox. 
butein (166’^tin), 332. 

— effect of, 361. 

bymphatics (lim-fat'iks), 3x3, 3x8. 
bynz (liuks), 230. 

MACAW (ma-kaw'), 215. 

Machserodus (ma-ki'ro-dus), 299. 
Machine, the human, 302-343. 

Macrura (ma-krOd'ra), 167. 

Magnolia (mag-n6'le-a), 96. 

Maidenhair tree, 89, 94 
Malaria, 127, 182, 185. 

Mallard (mal'ard), 21 x. 

Malting, process of, xx8. 

Mammals, 216-232. 

Mammoth tree, 94. 

Man, 30X. 

— anatomy, 302-312. 

Manatee Iman-a-t6')» 2x8. 

Mandrill, 232. 

Marabou (xnar-a-b 06 '), 212. 
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Marmoset (mar-m6-*et'), *32. 

Marsupials (mar-stl'p6'alz), 217. 
Mastodousaurus (mas-t6-doti'Saw'rus). 
280. 

Matonia (m& tfi'ne-a), 93. 

Ma^y 18 1. 

Medulla oblongata (med'Ul'ta ob-long 
gft'ta), 341 

Megalosaurus (meg'al-o>saw'rus), 392. 
Mencerta (m<'l-i-8cr'ta). 140 
Melo^ (mel'6'C). 184 
Menstruation 333. 

Metainori>hosis (met a-mor-fd'sis), x8o. 
Migration of birds. C09. 

Mildew 108 

Milk, souring of, iiS. 

Millipedes (mil-i-p^dz), 186. 

Mimicry, insect, 185. 

Mites, 187, 191 
Moa (mO'a). 210. 

Moeritherium (m6-ri-th6'ri-um). 300 
Mollusca, i4>i-i6o. 275, li47i 
Molluscs, senses of, 158. 

Mongoose, damage by, 235- 
Monitor lizard, 206. 

Moose, 223. 

Moropus (m6'ro-poos), 298. 

Monua (mo r(K>'la). 346. 

Mosasaurus imos-a-saw'nis), 282, 287. 
Mosquito (mos-kf'td). 181. 

— and malaria, 183. 

— and yellow fever, 185. 

Mosses. 53, 55, 84. 

Mother of pearl, 132. 

Moulds, 52, I117]. 

Moulting of birds 208. 

Mouse, 230. 

Mudfish, 194. 196 
Muscle, 303. 

Mushrooms, 32, 102. 

Musk rat, 231. 

Mussels, 146, |i 47’- 
Mycelium (ml-scri-um), 108. 

Mycetozoa (mi's€t-o-zo^a) 105-106. 
Mycology (ml-koro-jf), 102. 

M>'riapoda (mi-ri-ap'o-da), 186. 
M3rxcedema (mik-so-de''ma), effect of, 

357. 

NARWHAI^ (nir'wAl), 220. 

Natter Jack Toad, 201. 

Nauplius (naw'pld-oo>5), 163. 

Nautilus (nuw'til-oos), 146. 

Nectaries, 57. 

Nerves, 334. 

Nervous system, 334-345, f335], [337]. 
Newt, 198. 

Night Heron, 212. 

Nlpa (nl'pa), lox. 

Nitrates (nl'tratz) 26. 

NiUogen (ni-lrO'jen), 25, 36. 

— cyde 1x6, (X14J. 

— fixers, 48, 108, 1 16. 

Noctiluca (nok-tj-lddk'a), xafi. 

Noac, 319. 

Notochord 193 
Nucleolus (nfi-kl^-d'loos), 23, 

Nudeus (nfi-klS'ooa), 13. 

Nymph, 179. 


OCEI.I.US (o-sel'us). pL occUi, 175. 
Octopu.'s, X46, 159, 1x47). 

(listrin (?'strin). 332, 

Ont -celleil animal, breeditig of, H 5 , 

I j 1 ' 

disrases caused by, 127 
— distribution of 125-127 

— fmsils nf 12^ 

— parasitic ,27 
Oniscus (o tiis'kii-K 170. 

Ofiossum (op-iis'ooii'i. 2x7. 

Orang-outau (or'anr >K,'tan), 23a. 

Orchis, pollination or. 6x. 

tirvA (or'iks) 224 
Osmosis (os-mO'bi»). 31 
CKprey. 212. 

Oftnch, 20Q. 

Otters, 228, 229. 

Ovanes 332. 

— secretions of, 361. 

Ovules (d'vfllz). 58. 

Ovum (ft'voom), 3 lO- 

— devilopment of, 346' 349* 

Owl parrot, 215. 

Owls, 215 
Oxeu, 224. 

Oxyger, 25, 36, 40. 

Oysters, 146. 

PALAiOMASTODOV (pai e-o-), 300. 
Pakeontologv (pal-i-on-torO j#), 266. 
Palisade tissue, cx. 

— cells, 1 27]. 

Pancreas, 326 
Parakeet, 2x5. 

Parasites, X4X-M2, 183 
Parathyroid (par-a tlirroid), 358. 
Pareiasuurus (par Ta-saw'rus), 282. 
f’urotid (pa rol'id), 324. 

Pasteuri.sutioD, 1x9. 

Peacock, 2x3 

Pea faniilv and bacteria, 48. 

Pearls, 152 

Peccaries (pek'ar-iz), 222. 

Pelican, 21 1 
Pelvis, 306. 

Penguin, 210. 

Penpatus (per-ip'a-tus), r6i. 

Peristalsi.s (per-is-tal'sis), 325. 

Petal, 57. 

Petrel, 210. 

PiiaJangers (fal-an'zherz), 2x7. 

Pheasant, 213. 

Phloem (flO'em), 81. 

Phosphates (fos'fais), 26. 
Phosphorescence due to bacteria, 108. 
Phosphorus (fos'for-us), 25, a6. 

Piddock, 157. 

Pig, 222. 

Pigeon, 214. 

Pineal (pl'nS-al) eye, 283, 

Pineal (pi'n6-al) gland, development of, 
283. 

Pin-eyed primrose, 64, [64). 

Pinnipeds (pin'i-pedz), 227. 

Pitixitarin, 360, 

Pituitary (pi-tfi'i-ta-ri) gland, 360. 

Plant at work, the, 25-35. 

— cells, 20-24, 37*39* 
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Plant RTowth, 45. 

— material, composition of, 25. 

PlantF, families of, 44-66. 

— main groups of, 47. 

— seed-bearinR, 56-66. 

— seedless, 50-56. 

Plasmodium {pla2-m6'd6-oom), 106 
Platelets (pl&t^lets) of blood, 370. 
Platypus (plat'i-pus), 216. 

Plesiosaurus (plte'l-6-saw'rus), 282, 285. 
Pod, 58 

Polar bear, 228. 

Pollen, 57. 

Pollination, 59*66. 

Polydora, 139. 

Poljnnorphi (pori-mor-fG), 369. 
Polypeptides (pol'i-pep'tldz), 350. 
Porcellio (por-chcl'lG-6) 170. 

Porcupine, 230. 

Porifera (por-ifer-a), 172, 272. 
Porpoises, 219. 

Potassimn, 25. 

Potato, tuber, composition of, 25. 
Prehistoric animals, 264-300. 

Primates (pri-ma'tGz), 231. 

Primrose, 63-64, [64]. 

Proteid (pr6'te-id), 25. 

Protein (prC'tGn), 25. 

— digestion of, 349. 

— synthesis of, 350. 

Protobion (pr6-t6-bfon), 268. 
Protoplasm {pr6"t6-plazm), 23, 26. 

— water content of, 7. 

Protoplast (pr6't6-plast), 24. 
Prototaxites (pr6-t6-taks-ft€s), 75. 
Protoroa (pr6-to-26'a), 126, 127, 262, 272 
Pteranodon (ter-an'o-donl, 289. 
Pteridophyta (ter'id-o-fit a), 47, 76. 
Pteridosperms (ter'id-o-8pennz')i 77- 
Pterodactyls (ter-o-dak'tilz), 288-289. 
PuiT adder, 204. 

— bolls, 52. 

Pulse, 316. 

Pupa (pfl'pa), 179. 

— of the gnats, 182. 

Pylorus (pl-lOr'us), 325- 
Python (pl'thon), 205, [203]. 

RABBITS, 230. 

Racoon, 227, 228 
Radiolaria (rfi-di-6-lftr'i-a), 272. 

Radius (r&'dG-oos), human, 310. 

Radula (rad'fi-la), 156. 

Rat, 230. 

Ratel (rfi'tel), 229. 

Rattlesnake, 204, [203]. 

Rays, 194. 

Red-cells, in blood, 368. 

Red de('T of N. America, 223. 

— spider, 192. 

Redwood, 94. 

Reflex arc, 335. 

Reindeer, 223. 

Rejuvenation, 362. 

Reproduction of algse, 52* 

— amoeba, 125. 

— ants, 242, [243J. 

— bacteria, 48-49, zo6'XXO, (48]. 

— Bryophyta, 53 


Reproduction of cydops, 163. 

— echidna, 217. 

— ferns, 54-56, [55]. 

-- fish, 1^4. 

— flowering plants, 56-66. 

— frog, 198, [199]. 

— fungi, 113-120. 

— insects, 179-182. 

— kangaroo, 217. 

— man, 330-333- 

— snakes, 202-204. 

— spiders, 190-191. 

— ticks, 192. 

— wasp, 239. 

Reptiles, 201-207, 282-296. 

— classes of, 201. 

— prehistoric, 282-296. 

— shell-covered, 201-202. 

Respiration, human, 3i9-3a3f 37*. 

— of ampliibians, 196-197. 

— of bir^. 207-208. 

— of insects, 173-174 

— of plants, 40-42. 

Rhamphorhynchus (ram'fo-ring^us), 

289. 

Rhea, 209-2x0. 

Rhinoceros (rl-nos'cr-oos) 220. 

Ruck pigeon, 2x4- 
Kodents, 230. 

Rook, 2x0. 

Root, 18-19, 19, 32, (20]. 

— -hairs, 29-31. 

RostcUum (ros-teroom), 61. 

Rotifers (r6'ti-ferz), 140. 

Rove beetles, 240. 

Royal ferns, 93. 

Rubber, coagulation of, xx8. 

Russell’s viper, 204, (203]. 

SABINE, 224. 

Sacculina (sak-fl-lfna), 164. 

Sacrum (sftk-rum), 307. 

• Saddle ” (or scar) of earthwonn, 138. 
Sago-palm, 92. 

Salamanders xg7, 281. [197]. 

Saliva (sal-rva), 324. 

Salts, as food, 352- 
Sand lizard, 20D. 

Sawfish, 196. 

Sawfly in Canada, 235. 

Scallops, 146. 

Schools of whales, 2x9. 

Scolosaurus (sko-k>-saw'rus), 295. 
Scorpions, 187. 

— false, 191. 

Scyphistoma (sl-fis-t&'ma), 133. 
Sea-anemones, 122, 132-235, 250. 

— and sea-slugs, 150. 

— reproduction of, 135. 

Sea-bats, 196. 

cucumber, 144. 

hare, 150. 

— -horse, 195. 

lilies, 274. 

— -lion, 227. 

— -mouse, 138. 

slugs, 149. 

— -snakes, 204. 

weeds, 50-5 X, 7*. 



INDEX AND PRONOUNCING GLOSSARY 383 


Seal, 226-227. 

Secondorv wood, 81. 

Seed, 10-12. (11I 

— -bearing plants, 56-66, 83, 95. 

— carpel. 57-58- 

— ferns, 86-88, 97. 

— germination of. lo-ia 

— -habit, 95 97- 

— prehistoric, 83. 86-88, 93-97. 
Seedless plants. 50 - 56 . 

Seedling, [iii. 

Self-pollination, 59. 

Sensory fibres, 334, 1 335% 

Sepal, 58 

Sequoia*; (se-kwoi'az), >4 
.Sex, 51-66, no, 330-333 

— in fungi, i lo-i 13. 

— in plants. 51-66. 

Seymouria (sf mawr'-i-a), 281. 
Sharks. 194, 196. 

Sheep, 224 
Shipwomi, 157 
Shoebill, 212. 

Shrew mice, 231. 

Shrike, 214 
Shrimp, 162. 

Sigillaria (sig-i-lS'ri a), 85. 

Silictin. 2 5. 

Sirenians (si t6o i-auz), 2x8. 

Skates, iqo. 
vSkunk, 229. 

Sleeping sickni*3s, 127. 185* 
Slime-lungi, 47*49- 

— -moulds, 105 
Sloth, 217- 
Slugs, 15.5. 

Snails. 146, (147 
Snakes, 202-206, I203). 

— reproduction of, 202 
Snapdragon, 10, In'. 

Snapping turtle. 202. 

Snipe, 213 

Snow leopard, 2 30 

Social life of insect. s, stages of, 236. 

of unimaLs, the. 233-26 1 

Sodium (s6'd6 00m), 25. 

Solar energy, ot, 39- 
Soldier ants. 242, 

Spadix (siia'diks), 62, 

Sparrow 214. 

Spathe (spSTii), 62 
Sperm whale, 219. 

Spermaceti (spgr-ma-sct'i), 219. 
Spermatozoon (spsr-ma-t6-z6 on), 
-zoa), 330. 

Sphenophylls (sfC'no-fllz), 82. 
Sphmeter (sfink'tgr), 325, 

Spicules (spik'iilz), of sponge, 128 
Spider crab, 169. 

Spiders 187- 191. 

— courtship ol, 190. 

— dangerous, 188. 

— jumping, 190- 

— nesting underground, X90. 

— web of, 188-189, [i 89J. 

Spinal column. 307 

— cord, 33.5- ^ ^ 

Spiny ant-eater, 216-217. 

Spiracles (spl'raklz), X74. 


Sponges, 122, 128, I2Q. 

— power of regeneration of, xt9. 
Sporangia (spor-an'ji nl 49. 

Spore 8 ^ 

- tiirmali*'!! biu:teria) ro8. 

SJ>*re^ 4<; -I, 54> *03, io8, (48% 
SpnugtaiK 179. 

Squill. 140. i<*o *47). 

StjUiriCl!*, 2',J 
Slag beetles. x78 
Stamen. 57 

St. mil. 25 

- manufacture of, 
reJ.itum tr <«iignr s 50 . 

Starti'-h 142 ! 14 
Starling -atones, 8 7 
StegiMion i>»teg'o don), » /i. 

Stego^uunl‘; t-tfg (•-■^aw Mis), S94- 
Stele (stf'l6), 81. 

Stem, riguiitv of, t*. 

Sttnlii-iitiou of food II y. 

Sternum, 108 
Stigma, 57 

Stigmana ('>tig-mar'i-a), 85 
Stomata Ift6'ma-ta). (stB rna sing.), aa, 
ti 's: 

.Stoncfliip, 183 
Stork. 212 

.Sturgeon imcr'jon), 195 
Sugar, 57-40. 350. 

Sulphate- 2 <> 

Sulphur, 25. 2 f> 

.siiulighl, energy ot, 37. 

Suprmnnl (.-(O pra-rf'nal) gland 558 
Swan 2 1 1 
Swilts 215. 

Sycamore, growth of, 10, 


TAl>P(tIJ$, 200 (199I. 

Tamundiia (ta-man-dfl6'a), ant eater, 
218 

Tapir (la'jicrl. 220. 

T.ismanian devil, 217. 

'I\ nlacle- 159. 

'lirmitt-i 260-263. 

T- rn, 210. 
rerrapm, 202. 

Te-ticles, 33*. 

Testi-, hormone of, 361 
Tetauv, see r.RAVES’S DISEASE. 
r< trafoiihodon (tet-ra-lof'o don), 36I 
Thaliophyte IthaPfi-flt), 47 
Thallus 47, 80. 
ipi. Thorax. 30H 

Thresher shark. 195 
Thrum eved primrose. 6 t 
Thvroid (thi'roid) ghind 355 , ‘ 3561 - 
'I'hyroxine (thi rok'-iir). t56 
Tuks, 19 j 

Timber and dry rot, 119 
Tmoceras 'ti-no-f ras), 297 
Toads, 201 

ToaditfXds, 52. 102 .ior;|. 

Tortoiat- 20 2 

Toxodon (tok'so-don). 298. 

Trachea (trak'c-a, trak-6 a), 308. 
Trachockm (irak'o-don), 29a. 

Trapdoor spiders, 190 
Tree, to- 13 
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Tree, fetus, 88, 93. 

— frog, 200. 

— growth of, TO. 

— seeds of, to. 

— structure, 13. 

TrJceratops (tri-ser'a-tops), 295. 
TrilobiUs (tri' 16 -Wtz), 272. 

Tril^hodon (tri-lofo-don), 300. 

Truffles, 222. 

Trypanosomes (trip'an-o-s6mz), 127. 
Tsetse fly (tsetse) and sleeping sickness, 
18s. 

Tuber, 19, I20I. 

Tuberculin -tested cows, 1x9. 

Turtle, 201. 

Tyrannosaurus (ti-ran-o-saw^nis), 293. 

ULNA (urna). 310. 

Ungulates (ung gfl-lfttz), 220-226. 

— bovine. 224-225. 

— even-toed, 222-226. 

— non -ruminant, 220-222. 

— odd-toed, 220. 

— ruminant, 222-226. 

Ureter (fl-re'tcr), 328 

VACUOLE (vak'fl-61), 23, 49* 

Vagina (va-jl'na), 332, [333]. 

Valves of the heart, 315. 

Vampire bat, 231. 

Velvet crab, 170. 

Vena cava (v€'na k&'va), 314. 

Ventricles (ven'trikl*), 314* 

Vertebra ( brae pi.) human, 307. 
Vertebrates, 193-232, 276-296. 

— classes of, 193. 

— definition of, 193. 

— prehistoric, 276-301. 

— structure of, 193. 

Villi (vil'I), {stng. viirus), 326. 

— assistance in digestion, 353. 

Viper 204, I203I. 

Virginia stock, 10 
Vo^ cords, 321. 

Voice, how controlled, 321. 

Voronoff on rejuvenation, 361-362. 
Vortioella (vor-ti-scl'la), 333 
Vultures, 226. 


WALL pennywort, 46. 

Walrus, 226, 227. 

Wapiti (wop'i-ti), 223. 

Wart-hog, 222. 

Wasps, 237-241. 

— nest beetle, 240. 

Water, absorption of, 28. 

— beetle, 18 1. 

— buck, 224. 

— content of plants, 27. 

— hen, 2X2. 

— loss, in plants, 33-35* 

— moccasin, 205. 

— movement in plants, 17, 30-35. 
Weasels, 228. 

Whalebone, see balben. 

Whales, 2x9. 

Wheat grain, composition of, 25. 
Whelks, 146, 152, [147). 

White cells of blood, 369. 

— shark, 195. 

Wild ass, 22X. 

— boar, 222. 

— duck, 21X. 

Williamsonia, 95. 

Windpipe, 322. 

Wine yeast, 1x7. 

Wire worms, 186. 

Wolf spider, X90. 

Wolverene (woorvgr-Cn), 228. 
Wolves, 229. 

Womb, 332 » (333J. 

Wood, secondary, 81. 

Wood lice, 170. 

Worker ants, 242 I243J. 

Worms, 122-X23, 736-/42. 

“ Wort ” of yeast, x x8. 

Wrigglers (larvae), 182. 


YAK, 225. 

Yeast, 1x6, lix7j. 

— pressed, 1x8. 

Yellow fever, 185. 

Yueca (yuk'a) moth, 183. 


ZEBRA, 221. 
Zoea (xo-e'a), 169. 
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